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Tn the following manual [ have endeavoured to give 
sumo account ut those ]><>rti<>iis 11 1 Bacteriology which 
sire el especial interest in clinical medicine ami hygiene. 
Tho preparation of (issues, methods id’ culture, descrip¬ 
tions of pathogenic organisms and their detection, the 
examination of water, etc., have therefore liocii given at 
some length. As it, would lie impossible in the space at 
my disposal to include everything relative to the subject, 
a selection has had to be made, and such details as (lie 
eelloidin method, LotHer's stain for llagella, the strictly 
animal parasitic diseases (with a few exceptions), etc., 
have, among others, been omitted. 

At the end of tlu*sections dealing with the pathogenic 
organisms which attack man, some directions have been 
given tor the bacteriological clinical diagnosis and exami¬ 
nation but these are in no way exhaustive; in fact, it 
would not «be possible in a short work to give a scheme 
of examination which would cover every cast*. These 
directions will also render the book of service in the 
laboratory, while I venture to hope that the details given 
in tile Appendix on the use of the remedies and diag¬ 
nostic agents of bacterial origin may be of value to the 
practitioner. 
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and Koch will ever hold an honou^Jjle place in its 
annals. 

The study of micro-organism's fnilst always be of 
considerable importance in general biology, f<?r # their 
vital phenomena are comparatively simple, and throw 
much light on the more complex processes occurring in 
the higher orders of living beings. Weismann based 
his theory of heredity on the fundamental conception 
of the immortality of these unicellular organisms. 
Excluding accidents, they are immortal —they repro¬ 
duce themselves by a process of simple division, an 
individual dividing, and two daughter forms taking 
the place of the original parent one, and although 
the parent has disappeared yet there has been no 
death, no dissolution ; its protoplasm or living material 
is still existent in its progeny and is immortal, since 
this process of reproduction apparently may go on 
indefinitely. Moreover, the study of the mutability 
and possible transformation of species of micro-organisms 
is likely to throw light on the theory of evolution. 
Organisms such as bacteria multiply so rapidly that 
fifty or sixty generations may be developed in thirty 
hours, a number which would take* years to attain if 
even the most rapid breeder among mammals were the 
subject of experiment, and as they occur in vast 
numbers the opportunity for variation is extensive. 
These are some of thij relations which micro-organisms 
have to general biology. 

In what may be termed the economy of iinture 
micro-organisins are all-important ; without them there 
would bo no putrefaction, no decay, and the dead 
remains of animal and vegetable life would so accumu¬ 
late as to encumber the earth, which would become 
sterile for the want of the organic matter originally 
derived from it., but of which there was no return. In 
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fact the higher, plants, ami indirectly, therefore, 
animnlf also, are dependent for their existence upon 
the presence of bacteria in tin 1 soil, which break np 
and, rei?der assimilable complex substances presented to 
them as manures. 

The question of life, animal and vegetable, without 
bacterial activity is an important ami interesting one. 
It would seem from the experiments of Ouclnitx 1 that the 
higher plants in ordinary circumstances are unable to 
obtain nutriment unless the complex compounds, pro. 
teilis, urea, and other nitrogenous bodies, which form 
the important constituents of main manures, uru broken 
down into simpler ones through the agency of bacteria. 
He sowetl seeds in sterile soil free from nitrates, nitrites, 
ami ammonia, which was plentifully watered with 
sterile milk and solutions of sugar ami starch. Xo 
changes occurred in these substances, the seeds lost 
weight, ami the seedlings dwindled ami died. As 
regards the higher animals various views have been 
expressed. Pasteur considered that their life also 
would probably be impossible without the presence of 
bacteria in the intestinal tract. Nencki expressed the 
opinion that this iTlea of Pasteur’s was an erroneous 
one, and his experiments in conjunct ion with Mucfiidycu 
and Sieber 3 showed that any considerable decomposition 
of the food by bacteria lirst takes place in the large 
intestine, and that the digestive juices alone, without 
the co-operation of bacteria, are able to prepare the 
constituents of the food for absorption. Xnllull and 
Tliierfelder obtained unborn guinea-pigs* by ('lesarian 
section with antiseptic precautions, ami afterwards 
kept them in a sterile environment and fed them on 
sterilised food. Not only did the animals live, but 

* Comp. Rrnd.. 1. 100 . j>. an. 

* JoHrn. of Anal, and I’hyial , x*v, |>. itllU. 
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they were even in a more thriving condition than those 
naturally brought up. The intestinal tract wr.j found 
to be sterile on the eighth (lay. On the other hand, 
Schottelius found that chickens reared on sterile food 
were retarded in development, and experiments*by Moro 
on turtle larva; lead to the same conclusion, viz. that 
intestinal bacteria are necessary for normal nutrition. 
Levin, however, found that the intestinal tract in many 
Arctic animals—the polar bear, reindeer, seal, eider 
duck, etc.—is generally sterile, and in these instances, 
therefore, bacteria are not required for normal nutrition. 

Commercially, micro-organisms are of the utmost 
importance. Without them there would be no fermen¬ 
tation, and the wine, beer, and indigo industries, the 
ripening of cheese and tobacco, and many like processes 
would be non-existent. From a financial aspect also 
micro-organisms cannot be ignored, for many of the 
so-called “ diseases ” of beer and wine, which often 
occasion great loss, are duo to the entrance of adven¬ 
titious forms, while the silk industry and slice]) farming 
in France were once threatened with extinction owing 
to the ravages of pebrine and of anthrax respectively, 
but through the genius of Pasteur were restored to 
their former prosperity. There is no need to emphasise 
the importance of micro-organisms from a medical and 
hygienic point of view, but the fact may be recalled 
that sixty years ago the mortality after operations was 
very high, and that 40 per cent, of these deaths were 
caused by pyaunia, septiciemia, and hospital gangrene, 
conditions which are due to the entrance of micro¬ 
organisms, and which are now almost preventable, 
thanks to the antiseptic system introduced by Lord 
Lister. 

The t.lienry of s p o nt a n eous generation .or abiogenesis 
is intimately connected with the study of bacteria. 



Abiogenesis < r > 

Tlic .putrefaction uf aiiiinnl and vegetable fluids oven 
after builiu^, and tin- growth in them of minute living 
forms, ^verc ln*lil by many to bt* a sure proof of tlio 
dcvch^iyiciit of lib* from inanimate matter, of the 
spontaneous ^feneration of tlie living from tin* non¬ 
living. A succession or investigators, however, slmweil 
(JJ_that if tin* llniils be boiled sufficiently long, anil bo 
then sealeil lip so its to prevent the aeeess of air, they 
«lo not undergo putrefaction ; f2) that the sealing 

up may be dispensed with, provided the air be first 
filtered through cotton-wool before being admitted to 
the flasks; (o; that even the cot ton-wool is not 
needed if the air he passed slowly through a long 
and tortuous channel, so as i ■ deposit its solid particles. 
Tyndall showed that pulresrible fluids may be exposed 
in open vessels in a el-'sed chamber in which the air 
has been undisturbed for some time and its solid 
particles thereby deposited on the walls of the chamber, 
which had been smeared with glycerin ; he also proved 
that vegetable infusions and the like, which putrefy 
after having been boiled for leu minutes, do not do so 
if the boiling' be repeated on two or three successive 
days, and explained this by the supposition, t luit__vvhile 
the fully developed bacteria are destroyed by the first 
boiling, their more resistant spores remain alive, but 
these 4 >u being left for twenty-four hours germinate 
into the less resistant bacterial forms, which are 
destroyed by flu* second boiling, and by the repetition 
of the process complete sterilisation may ultimately lie 
obtained. It is this process of “ discontinuous sterilisa¬ 
tion,” as it is termed, whieli is employed by the bacterio¬ 
logist for the preparation of sterile culture media. 1 

1 The writer U-lieveH that tins explanation is only partially true, 
an>l woiihl aacrilie Home of tin* Kterilisini' effect of re]ieuto<l liejitin^K 
simply to the injurious action of alternate heatinj' ami roofing. 
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The idea of ubiogcncsis (or as he prefers to term it, 
“ archohiosis ”) has recently been revived by Iwtsfchm. 
Jlle clai ms that certain saline .solutions which have 
been boiled or even heated above the boiling-point 
in sealed tubes after a time show the development 
of various living organisms, including 'bacteria and 
yeasts. 1 

IlH+tbar, 2 as the result of a series of experiments 
conducted over a long period and with every care to 
prevent contamination, has..uome to the conclusion that 
the bacteria are not an independent group of organisms, 
but that the bacteria, yeastH, and moulds are stages in 
the life-history of green algie. The observations were 
carried out both by culture methods and by micro¬ 
scopical examination. A culture of a single-celled alga 
belonging to the' Palinvllacea was obtained, but by 
modifying the culture medium in which a pure culture 
of the alga was growing, by the addition of acid, of 
alkali, or of traces of copper salts, other organisms, 
generally bacteria, occasionally moulds and yeasts, and 
oven spirocluetes, made their appearance. (i ranting 
that there is no tlaw in the experimental methods, and 
every care seems to have been taken to exclude con¬ 
tamination, etc., the results are susceptible of another 
explanation, vi/.. that the secondary growths were 
derived by transformation of the algal cells, in fact 
by the phenomenon of heterogenesis which has been 
claimed by Hast ian to occur. 

Undoubtedly bacteria exhibit variations and muta¬ 
tions, not only in morphology (see p. 15) but also in 
function. Thus pathogenic organisms.may.become non- 
pathogeuic, and Twort has succeeded in training B. 

’ Sco various papers iu the 1'rue. Roy. Soc. Land, and The Evolution 
of Life, Methuen, 1007. 

See Jonrn. Ron. hut. Pub. Health, vol. xv. No. 11,1007, |». 670. 
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ty/ihuxHs*to ferment lactose, which ordinarily it does 
not. Koine recent experiments l»y Horrocks 1 safest, 
that the li. lyphuxn* limy, by symbiosis with JJ. <•<»/#', be 
converg'd into It. alcaliyvnv*. 

Minctiin in a presidential address to the Qnekett 
Microscopies^ Club points out that syiignmy (sexual 
reproiluctioii, e.y. conjugation) is of tin* greatest impor¬ 
tance in preserving differential ion of species, and that 
without it a species will tend to break up into races. 
It therefore follows that there are no true species 
among organisms of the bacteria] grade, if it be true, as 
is usually held, that syiignmy does no! occur amongst 
them, and the so-called species of bacteria are to be 
regarded as mere races or strains capable of modifica¬ 
tion in any direction. 

Doubtless immense progress has been made during 
the last two or three decades, but a vast, amount still 
remains to be done. We have only touched the fringe 
of tint explanation of the difficult problems of immunity, 
of the extraordinary variations in virulence and effects 
of the same organism, and of the important question of 
cure in, and prevention of, infective diseases, while the 
chemistry of the jiroducts of bacterial activity is still in 
its infancy. 

The literature of liactcriologv is now becoming somewhat 
extensive. In the following pages a good many references to 
original pajiers have Ish-ii introduced, so that further informa¬ 
tion may Is.' obtained if required, the aim Isdng so far as 
possible to refer to easily accessible pa|»crs which contain a 
more or less full bibliography on a ]Hirticuhir subject. Kollo 
and Wasserinann's Hmnlliurh </« r I’lilhoyrnni Mikroonjaiiixmen 
is the most encyclopaedic work oil pathological biictcrio. «gy 
yet published. 

1 See lirit. Mel. Juurn., 1‘Jll, i, p. MU. 
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CHAPTER f. 

TIIK NATUHM, STIillCTlI ItK, AND FUNCTIONS op Til K JIACTKUIA : 
Til KU» CLASSIFICATION, UKNKUAL HIOI.OOY, AN I) OlIKMISTKY 
-UAC'l'KKlA AND DISKASK. 


TifHr-Bucteria or Schizomvcetes (“ fission fungi ”) arc 
m inut e vegetable organisms for tlie most part unicellular 
and devoid of chlorophyll, which multi pl y by simple 
transverse division or fission ; this distinguishes them 
from the yeasts, in which multiplication takes place by 
budding or gemmation. A certain nitmber of filamentous 
forms are also included, serving to connect the unicellular 
ones, with the multicellular true fungi. The “fission 
plants” may be placed in a sub-kingdom, the Scliizo- 
phyta, which may bo divided into two classes: fclass I, 
Sehizophyceie, the blue-green alga', and Class 1J, Schizo- 
mycetes, the bacteria. 

The umoetudar - plants are sometimes termed the 
“ Proto plivta.” It must be understood that there are 
connecting links between the different groups, and that 
there is no sharp line of demarcation between them. 

The relation of the bacteria to other lower plants is 
shown in the following scheme : 
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(trillion <>/' Hit'ltri'i /*• l.ntrrr I’t'ilit* 

Tli:illi>]4ivta (lower jiliiiiln wit limit til>ro-\.iM'iilnr Imiulles, mat with 
no iliKtiiu-tioii tx'twoon root mul xti'in) 

1 . , 

Korins \flt% i'hl<>n<|ili\ II Forms without chlorophyll 

(Aloie, ilcsiiii.ls oti- i 

! I 

Multicellular S|sires in fuiccllul.ii Spoies frequently 

ililli ri'iitintoil 1-1*11-. or s|»»r**- ntiKciit s»|nii-c-Iic:ii injf o-IIk not. 
lH*iirin>; oroiiiiK Frequent l\ or hut slightly. •lilfei-ciitiutcil. 

it m'IiihI 111 etln. 1 l of reprisluct ion No foi ill of m-miiiI ivpnsluct ioll 

The true Finiifi ( Kiiiiix ■■••to*, i I | 

ineliiilini' m.mills (ll\|i)io- Ki*|iro<lnet ion ){ejiro<liiel ion 

lliveetcs) l*V fission t>V hmhlillj; 

I 

Tin* Sehi/oiiiyi i-tis Tin* 1 IIiimI omyeeteK 
• *l Itiietei lit or Yeasts 

'Oil! size ill" till* huclerin i*« \ .'triable. I ill t they IIIV 
.'ill mieroseopie, iiioii-iinno’ I mm (•'.■{ »i In .‘10 -JO/i in 
diameter nr in li. 1 Their \|i»ipe likewise is very 

(iilTcri'iit in tin* ililTerent speeies ; some nrt* spherieal, 
n| lull's ciVuill, nt lull's l*i illlit}>!.■• 1 nr lilillllf-lltnllS, W+lile 
in mjiiiu tin* roil in* lii:i ii it- 1 it I- l w istml ilitn it spiral. 
Tin* baeterial eell ennsists of a <-i*ll-iut*iiilii*:iii«* t*iit*l'>'»inn’ 
the transparent, limit* nr less si met tireless 1 1 \ ing mat ter 
nr protoplasm, tlie T.-ell-plasin;i nr eylophism. ISntselili 
has deserilied the liaeterial plasma as hu\ ing a relienlar 
strnetnre, lint in the >ouug cell this is probably either 
sin artifact nr a “ false image " tine t<> faulty illnmimi- 
tinn ; the most that can lie seen is a line granulatinn. 
Tin* protoplasm freipientIv contains larger grannies 
composed of fattv or protein matter, pigment, ami in 
some species of sulphur. Oeeasmnally cvVlaiu granules 
stain blue with iodine. One to three spherical granules 
are also present in each eell ; these seem to take, part 
in the division of the eell (see below), and if the hitter 
be stained with a very dilute mixture of roseine and 
• p-niicron onul mm. Si*<; |i l-ln. 
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methylene blue are coloured pink, contrasting with the 
rest of the protoplasm, which is stained blue. 

Unless the roseine-staining granules, just mentioned, 
be regarded as such, no nuclear structure is present in 
the cell, nor does the suggestion that the bacteria are 
to be regarded as primitive nuclei almostdevoid of pro¬ 
toplasm seem to bo tenable. Another and more likely 
view is that the bulk of the cytoplasm consists of amixturc 
of nuclear material with nou-chromatic substance. 

The cell-membrane is usually invisible, but if the 
coll is treated with salt-solution (2 - o per cent.) jrdus- 
nitilysix takes place, the protoplasm shrinking away 
from the membrane, which then becomes visible. It 
can also be stained in rim with very dilute solutions 
of roseino.. The cell-membrane sometimes becomes 
thickened, swollen, and gelatinous on its outer surface, 
forming a layer or so-called “capsule” around the 
organism. The clear spaces frequently scum around 
bacteria in dried and stained preparations, especially 
in those from blood and lymph, are generally artifacts 
and not true capsules. In Clmlolhrix and some other 
forms the cell-membrane becomes hardened, leading 
to the production of a firm sheath. When bacteria 
assume the resting stage groups of them adhere to¬ 
gether in a kind of jelly-like matrix, forming what is 
known as a “zoogloea.” 

Tli^ chemical ..composition of bacteria varies much, 
not only in different species, but even in the same 
species when grown on different nutrient media. All 
bacteria contain proteins, lipoid substances, and salts. 
Bacterial protein according to Nencki, differs from 
ordinary 'protein matter in not being precipitated 
by alcohol and in not containing sulphur; it was 
termed by him “ myko-protein.” This does not appear 
to bo the case with the proteins obtained by grinding 
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bacterial cells, which seem to agree with other proteins 
in heat-coagulat ion, ete. 

The proteins are niainlv globulins anil nudeo-proteins. 
The w-y wall is relatively insoluble, ami generally 
consists chielly of a material like rhitiii, anil not of 
cellulose; in *his respect bacteria resemble animal 
rather than vegetable cells. Carbohydrates an* gene¬ 
rally scanty. Spores ililler from the parent cells in con- 
tuiniug a much larger proportion of solitlsaml less water. 

All species of bacteria, but especially the smaller 
ones, when suspemleil in a flnid exhibit what is known 
as Itrou nian movement, consisting of an oscillation 
with some amount of rotation about u lixed point, but 
there is little actual movement of translation, unless 
ilue to flotation. This Itrowuinu movement is physical 
ami not vital in origin, ami occurs w ith all line particles 
suspemleil in a tluiil, ami must be clearly distinguished 
from a true vital motility . Sumo Ituctcriu are always 
motionless, others are more or h ss motile, but these, 
too, have a resting stage. For motility to occur the 
cells must lie \oiiug, ami the comlitious favourable to 
growth ami ilevclopmeiit. Motility is line to delicate 
protoplasmic threads termed “flagella.” connected 
with the outer layer of tin 1 cell protoplasm ; these 
vibrate to and fro ami propel the organism through 
the mcjliiim. A cell will, however, move indifferently 
in either direction ; if a motile organism be watched it 
will often be seen to proceed rapidly in one direction, 
stop, and then return without turning round. The 
Karelia aru not visible in the living state* unless dark 
ground illumination be used, nor by the ordinary 
methods of staining, unless previously treated with a 
mordant, and are extremely liable to be broken off. 
They vary considerably in number and in length; 
some organisms have but a single Hagellmn at one 
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polo {monotrichic ), e. g. Uncillnn pyocyanewt, others have 
two or more flagella forming a brush or tuft {lopho- 
trichic), c. g. Spirillum ruhmnn, while others may be 
almost entirely covered with them (pnitric/nc), c.g. 
B. typhoons ; in some the flagella are short and straight, 
and in others long and twisted. The motility of 
organisms does not necessarily depend directly upon 
the number of flagella they possess, an organism with 
a few flagella often being more active than another 
possessing many, and some are apparently non-motile, 
though well-marked flagella can be demonstrated. 
Generally, however, an organism with several flagella 
will be more motile than a similar form with a few. 
(See also p. 1:{(}.) 

Darwin says: “ In looking at Nature it is most 
necessary never to forget that every single organic 
being may be said to be striving to the utmost to 
increase in numbers,” and in no group perhaps of the 
animal and vegetable kingdoms is this more marked 
than among the bacteria. Reproduction is entirely 
lion-sexual, and fakes place in two ways—by simple 
division or lission and by spore formation. Repro¬ 
duction by transverse fission is common to all bacteria; 
the bacterial cell becomes constricted at its middle 
and finally separates into two parts, and thus two 
young cells take the place of the parent one; repro¬ 
duction by fission is therefore also an increase in 
numbers. The fission is always transverse, never 
longitudinal, 1 the rule being in cell-division that the 
new membrane is formed in the most economical 
manner. Longitudinal division, on the other hand, 
seems to be very common among the Proto non. 

1 Longitudinal division 1ms lx*on described in a few aperies, but 
its occurrence is so rare that a doubt must arise as to whether these 
forms are Lruo bartering t 
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1‘revious to division the rod-forms become elongated 
and the* spherical om*s ellipsoidal, and there is an 
increase in the number of the rnseine-stnininggranules, 
partly bT division of pre-existing ones and partly by 
ikmv formation. The constrict ion in the majority of 
cases involves*and passes throne’ll one of the granules. 
In the monolriehons and lophotriehoiis bacteria. it is 
always the lion-flagellated end of the dividing cell 
which hears the flagella of the new cell. Under 
favourable conditions reproduction may he very rapid, 
lission occurringc\erv twenty or thirty minutes (Klein), 
so that, the increase being in a ircometrieal ratio, the 
niiniher of individuals which might arise Irom a simple 
hacteriuui ill three or four days is almost inconceiv aide, 
and would rn uiusm- weigh t housands of tons; fortunately 
there are many cheeks to such a rapid multiplication. 
Krcipiently, although the protoplasm divides, the 
division of the cell-membrane is incomplete, resulting 
in a loose union of the cells with the formation of a. 
pseudo-filament. These filaments often become much 
curved and twisted, forming tunified masses, owing to 
fission taking place in the cells in the middle id' the 
filament as well as at the ends, so that the filaments 
have to become curved to make room for the new cells. 

Reproduction by spore formation is met with in 
some species, and is generally described as being of 
twokiiifls. In the first, “ endogenous ” spore formation, 
a. bright rcdractile round or ovoid body is formed within 
the bacterial cell, the development of which can be 
watched under the microscope. Rowlainbdc-cribcs the 
process of spore formation as follows : Retractile, oily- 
looking droplets, which do not stain with roseine, appear 
and ultimately coalesce, forming the spore. 'I’he ccll- 
plasma at the same time diminishes and retracts from the 
cell-membrane. The roseine-staining granules increase 
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in number and aggregate into two spherical masses, 
which dispose themselves one at each end of * the cell. 
The cell-membrane collapses somewhat, and, when the 
spore is fully formed, ruptures transversely, leaving 
two cup-shaped receptacles, in which the granules and 
remains of the plasma are still recognisable. Only 
one spore develops in each cell, and the spores seem 
to fulfil the purpose of perpetuating the race when, 
it is threatened with extinction from adverse circum¬ 
stances. Bach spore consists of a little mass of proto¬ 
plasm enclosed within a very tough and resisting 
membrane, which tends to preserve its vitality even 
under unfavourable conditions; for spores resist the 
action of desiccation and germicidal agents to a much 
greater degree than the fully developed organisms. 
Spores vnry much in size and in the position they 
occupy within the bacterial cell in the different species; 
their diameter is usually about the same as that of the 
cell in which they are developed, but may be much 
greater, and in position they may be central or ter¬ 
minal, and sometimes the spore-bearing cells are swollen 
or club-shaped ; these are termed “ clostridia.” Endo- 
spores are still unknown in a large number of species. 
TUa. second .variety of sporulation, “ artlirospore ” 
formation, is of doubtful occurrence, but is stated to 
take place as follows: Sojne of the elements formed 
by fission are slightly larger, more refractile, and more 
resisting than their fellows, and are stated to have the 
properties of spores. Placed in favourable circum¬ 
stances, the spore in either case germinates, it becomes 
swollen and granular, and loses its refract.ile appear¬ 
ance ; a slight protuberance forms, this increases in 
size, and an organism similar to the parent one is 
finally reproduced ; the empty spore membrane at first 
frequently encloses one extremity, and is afterwards 
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feast off. Til certain instances the spore germinates 
without fasting its membrane, the spore membrane 
becoming the cell-wall of the young organism. The 
ellipsoids! spores of the II. antliraci* sprout from the 
end, theft# of B. unlit i l i* from the side (“polar” and 
“equatorial” germination respectively). 

On the Morphology, etc., of the Bacteria see Rowland, 
Tran*. Jenner Inst. Vrev. Med., ii, 1 p. 1-t‘l; Fischer, 
The Structure and Functions of Bacteria. lfMMl; Migula, 
System tier Baktericn. i ; J>o1k*1I, Quart. Juurn. Micr. Sri., 
1911; Pcnau, Comp. Rend., clii, 1911. p. 5:t. 


Classification of the Bacteria. 

Many classifications of the bacteria have boon pro- 
posed, but none up to the present can bo said to be 
strictly scientific, or even sat is fact my from the point 
of view of convenience. In the first place, the bacteria 
are said to be devoid of chlorophyll, but there are 
many forms intermediate between those unicellular 
organisms with and those without chlorophyll, so that a 
hard and fast line cannot he drawn. In the next place, 
the bacterial cells are so minute, ami their vital pheno¬ 
mena so simple, that only a few broad distinctions can bo 
observed in their morphology and reproductive processes. 

One of the most prominent of the older classifications 
was that of Cohn. li g di vided,tlm bacteria into four 
main grumps: 

I. The Spliterobacteria or spherical forms. 

II. The Microbacteria or short rod-forms. 

III. The Dcsniobacferia or long rod-forms. 

IV. The Spirobacteria or spiral forms. . 

-Zopf’s classification (1885) has many points to com¬ 
mend it, but is largely based on the doctrine of 
pleomorpliism. Ily pleqniorphism is meant a variation 
in the form of an organism during its life-cycle, a 



16 


Manual of Bacteriology 

coccus, for example, growing into a rod, or r a straight' 1 
rod becoming a spiral. In a peach-coloured bacterium 
examined by Lankester, cocci, rod, filamentous .and 
spiral forms occurred, and the doctrine of pleomorphism 
received considerable support from his work 1 ,* though 
it may bo questioned whother he was wanking with pure 
cultures. Be that as it may, a certain amount "bf pleo- 
inorphism undoubtedly occurs in some organisms. In 
the colon, typhoid, and plague bacilli, for example, the 
rods may sometimes be so short as to be almost cocci, 
while at others they are well-marked rods and even 
filaments/(see also p. 6). The following is an outline 
of Zopf’s classification, the bacteria being divided 
into four main groups or. families, which again are 
subdivided into smaller groups or genera : 

Fami ly I. Coocaceve. —Spherical forms only ; division 
occurs in one or more directions. 

Genus 1. Micrococcus (Staphylococcus),—Division 
in one direction only, but irregular, so that the 
cocci after division form irregular clusters. 

Genus 2. Strei’TOCoccus.—D ivision in one .plane, 
but regular, so that the cocci form chains. 

Genus 3. Mkrismovkuia.—D ivision in two direc¬ 
tions at right angles* to each other, but in th# 
same plane, so that lamella; or plates are 
formed. „ 

Genus 4. Sarcina. —Division in three directions 
at right angles to each other and in two planes, • 
so that cubical masses are formed. 

Genus !>’. Ascococcus.—Cocci which develop in a 
gelatinous matrix. 

Family II. Bacthwack.*.—R ods, straight or curved, at 
some period of the life-history, though cocci and 
other forms may occur. 
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Genua* 1. Bactkkii’m.—S traight rods ; oudosporo 
fqj'iuution does not occur. 

Genua 2. IJacii.i.iis.—S traight rods; endospnro for¬ 
mation occurs. 

Geimm A. Lkuconostoc.—C occi mid rods ; arthro- 
spnrc formation occurs in the eoccoid forms. 
Genua t. Ci.ostkiiui'M.—T he same us Imcillus, hut 
the spore-hearing rods are enlarged ami clnb- 
shapcd. 

Genua f>. SriKli.i.i M.—Spiral rods; spore formation 
does not occur. 

Genua (!. Viukio.—S piral rods; spore formation 
occurs. 

Family 111. IjKI'totkiciik-k.—T hese are iiuhrauehing 
thread forms. 

Family IV. CI.AHOtimciik.k.—T hese are thread forms 
showing true hut not dichotomous branching. 

Thero are many features in this classification which 
are of practical value. The distinction made between 
a bacterium and a bacillus, for example, is very con¬ 
venient. Formerly it was the custom to term a short 
rod a bacterium, and a long rod a bacillus, but such a 
division is an arbitrary one, and at one stage of its 
life-history an organism might have to be termed a 
bacterium and at another a bacillus. The term 
“ bacterium " is now but little used, and any straight 
rod is termed-a bacillus. The term “ stapli^iococcus ” 
is one frequently met with ; it is practically synony¬ 
mous with micrococcus, and refers* to cycci which are 
aggregated into groups or clusters. Of the twisted 
rods, a simple curved rod is now known as a vibrio, a 
definitely corkscrew form of three or a few tarns is 

2 
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a spirillum, a long and flexible twisted filament is ® 

spirocliaeta. 1 r 

A later system of classification is that proposed by 
Migula. 3 The bacteria are divided into two coders : the 
Eubacteria—bacteria proper—the cells of whioh contain 
neither sulphur granules nor a coAouring matter, 
bacterio-purpurin; and the Thiobacteria, the cells of 
which contain sulphur granules and may be coloured 
with bacterio-purpurin. The Eubacteria are divided 
into five families : (1) Coccaee®, (2) Bacteriaceio, (3) 
Spirillaceae, (4) Chlamydo-baeterinceie, and (■'>) Beggia- 
toacem. These, again, are subdivided into many 
genera, based partly on the mode of division and partly 
on the number and on the arrangement of the flagella 
upon the organisms. The Coccace®—^globular cells ^ 
contain the genera Streptococcus, Micrococcus, Sarcina 
(non-uiotile), and Planococcus and Planosarcina (motile); 
the Baetcriaceu) are defined as long or short cylindrical 
rods, straight and never spiral; division in one direction 
only after elongation of the rods; and this family lias 
three genera: (a) Bacterium—non-flagellated cells, 

often with endospore formation ; ( b) Bacillus—cells 

possessing both lateral and polar flagella, often with 
endospore formation; (c) Pseudomonas—cells with polar 
flagella only, rarely endospore formation. The Spiril- 
laceaj are curved or spiral rods, and include (o) Spiro- 
soma, lion-motile forms, (b) Microspira, motile forms 
with one polar flagellum, (c) Spirillum* motile forms 
with two or more polar flagella. 

The nonfenclature of bacterial species is at present in a 
chaotic condition. In botanical and zoological nomenclature 

1 Many of the so-called apirochaetm are probably protozoa and not 
bacteria. 

* System dtr Bakttrien, 1897. Abstract in Centr.f. Baht. (I 1 * Abt.), 
xzii, 1887 (September), p. 345 
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efery species lias a binomial name, the first living the generic, 
the second Jtlie specific, name. Many lincteriul species liave 
received trinomial names, which should lie inadmissible. The 
specific naive first given to an organism must stand unless it 
has l>een for some other species. 

Conditions of Life of Bacteria. 

Bacteria, being living organisms, must be supplied 
with suitable nutritive substances in order that their 
life-processes—nutrition, reproduction, and the like— 
may be carried on in a normal manner. Being devoid 
of eUlurojvbyll they are mainly dependent upon complex 
organic compounds for the carbon, hydrogen, and 
nitrogen which enter into their composition, these 
elements being derived for the most part front proteins 
and carbohydrates. &uiuu bacteria, however, are able 
ty obtain the requisite nitrogen from such comparatively 
simple compounds as ammonia, ammonium carbonate, 
or nitrates, and imuu group «nn make direct use of the 
atmospheric, nitrogen. Certain inorganic salts, sul¬ 
phates, phosphates, and sodium chloride, also seem to 
be necessary for normal development. These nutrient 
substances must bo presented to the bacteria in asso¬ 
ciation with water, for without water bacterial activity 
ceases, though in the dry state many forms, and espe¬ 
cially their spores, may retain their vitality for a con¬ 
siderable time ; absolute desiccation, however, is 
rapidly fatal to many. 

liguperaturojs.. also an important factor. Though 
the growth of many species occurs through a wide 
range, there is for almo st all .an optimum at which 
growth is best, and of a range not exceeding 5° or 10°. 
Growth usually “Ttan*“' 1ft ° but cold_does not 

destroy ..bacterial life; after exposure to the intense 
cold produced by the evaporation of liquid oxygen 
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( — 170° C.) for weeks, or of liquid hydrogen (— 252° C.) 
for ten hours, bacteria and their spores wiR grow and 
germinate, and their chromogenic and pathogenic pro¬ 
perties seem to be unaltered. 1 On the other hand, 
bacterial growth usually ceases when, the temperature 
exceeds 40° C. or thereabouts, and mflst bacteria with¬ 
out spores are destroyed within half an hour by a 
temperature of 65° C. The spores are far more 
resistant: some mav even be boiled for a short time 
without losing their vitality, but prolonged boiling is 
fatal to both bacteria ami their spores. There is, 
however, a group of so-called thermophilic bacteria, 
which thrive best at a temperature of 60° to 70° C. 
They occur in the soil and in water, and are probably 
of considerable importance in the natural fermentations 
accompanied by the evolution of heat, such as are met 
with in manure heaps, the heating of hay, and tiring 
of moist cotton. 3 

*jcua.. oxygen is essential to the growth of some 
organisms ; these are termed strictly ae r o b i c . Others 
will not devolop in its presence, strictly anaerobic,; 
others, again, while preferably aerobic or anaerobic, 
will grow in tlio absence, or in the presence, of oxygen, 
and are respectively termed facultative auaejrpbi.c or 
facultative aerobic. Some organisms are strictly para¬ 
sitic on animals or plants; others live in..water, s pil. 
decaying matter, etc.—these are termed saprophytes ; 
and many are able to exist either as parasites or as 
saprophytes (see also p. 151). 

Bacterial development is much influenced by the 
presence of foreign substances in the nutrient medium. 

1 Macfadycn and Rowland, Proc. Roy. Soc. 1loud., February 1st, 1900; 
April 5th, 1900; May 3Ut, 1900. 

* Macfadyen and Blaxall, Joum. of Path, and Baet.,'November, 1894, 
and Tram. Jenner Imt. of Prev. Med., vol. ii, 1899, p. 162. 
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A -number of metallic ami other salts, cldoriuc, bromine, 
and- iodine carbolic acid, salicylic acid, etc., baits an 
injurious effect upon bacterial life, inhibiting or,stopping 
growth, oi* killing (he organisms outright; these are of 
considers 6ft* practical importance ami are kirowtt as 
germicides, uufcftcpties, and disinfectants. The pro¬ 
ducts produced in tin* nutrient medium by the bacteria 
themselves also sooner or later inhibit or stop further 
growth ; a familiar instance.of this is seen in tin* alco¬ 
holic fermentation of sugar by yeast, which ceases when 
the amount of alcohol reaches 12 or I t per cent. The 
same reason probably accounts tor t he fact that growths 
of bacteria in culture tubes do not spread all over the* 
surface of tin* nutrient medium, and why otir cultures 
sometimes die out more rapidly than might be expected. 

Ajnit.Wr-point- affecting bacterial lift* is fhe'jm\si p hce 
of a mixture of organisms in the same nutrient medium. 
lf_ there be a very vigorous form, it may ultimately 
grow and multiply to such an extent as to crowd out 
and tinully kill the other forms with which it is asso¬ 
ciated, and if the nutrient medium equally favour two 
species, that one which is in an excess at the beginning 
may outgrow tin* other. The occurrence of what has 
been termed symbiosis is of considerable interest in tin* 
life of micro-organisms, and too little attention, has 
hitherto been paid to it. This is the co-existence of 
two or more species which together bring about certain 
changes. For example, in'the well-known ginger-beer 
plant, Marshall Ward 1 isolated several yeasts, bacteria, 
and moulds; of these, one of the yeasts ancUone of the 
bacteria together induce the particular changes in a 
saccharine fluid to which ginger has been added, whiuh 
vender the mixture like ginger-beer, and these changes 
do not occur unless both species develop together. 

1 Phil. Tram, Roy. Soc. ImmI., vol. clxxxiii, 1H92, p. 125. 
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Another extraordinary feature exhibited by bacteria 
is the selective action exerted on certain ‘substances 
which contain isomerides or right- and left-handed 
modifications of a substance. The Bacillus ethaceticus 
attacks mannitol but not dulcitol, fwo alcohols which 
are very similar in tnste and propertied and possess the 
same simple chemical formula. 

By a series of most brilliant researches Emil Fischer 
has succeeded in determining the constitution of the 
various sugars, and, what is more, has produced them 
artificially in the laboratory. The natural sugars are 
all compounds with dissymmetric molecules, powerfully 
affecting the beam of polarised light, but when prepared 
artificially they are without action on polarised light, 
because the artificial product consists of equal numbers 
of left-handed and right-handed molecules, and the 
molecules of the one neutralise the molecules of the 
other, thus giving rise to a mixture which does not 
affect the polarised beam. 

By the action of micro-organisms, however, on such 
an inactive mixture the one set of molecules is sought 
out by the microbes and decomposed, leaving the other 
set of molecules untouched, and the latter now exhibit 
their specific action on polarised light, an active sugar 
being thus obtained. 

Fructose was one of the principal artificial sugars 
prepared by Fischer; it is inactive, but consists of an 
equal number of molecules of oppositely active sugars 
termed “ huvulose.” One set of these lievulose mole¬ 
cules tunta the plane of polarisation to the right, 
another set to the left—right- and left-handed lievulose. 
The left-handed lievulose occurs in nature, while the 
right-handed lievulose, so far as is known, does not. 

Now, on putting brewer’s yeast into a solution of 
fructose, the iuaetive artificial product, the yeast 
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organisms attack the left-handed hevulose molecules 
and concert them into alcohol and CO a , while the 
right-handed lawulose is left untouched. 

Pressure, unless very great, has little effect on 
bacteria.** Roger investigated the effects of high 
pressure 6n certain organisms in hmiillon cultures. 
Pressures of 200 to 250 kilos, per square centimetre 
had no effect; by raising the pressure to .3000 kilos, 
per square centimetre one third of streptococci were 
killed, and of anthrax without spoil's a good many ; 
while sporing anthrax, Micronimm /n/ogene*, var. 
aurenn, and the colon bacillus were unaffected. 1 

Our countrymen Downes and Blunt first called 
attention to the injurious effect of light npou bacteria. 
If plate cultures be prepared and exposed to sunlight, 
a portion of the plate being protected from its action, 
ns by sticking on a letter cut out of black paper, and 
the preparation afterwards incubated, it will be found 
that the colonies develop at the protected portion only, 
those parts which have been exposed to sunlight 
remaining sterile. Although this action of sunlight 
may occasionally be due to chemical changes in the 
medium, resulting in the production of ozone or other 
germicidal bodies, the experiments of Marshall Ward 
and others have conclusively shown that germicidal 
action may be caused by the direct action of the light, 
the violet and ultra violet rays being thoso concerned, 
and the red end of the spectrum has no effect. The 
Rontgen rays seem to have little or no influence 
upon bacteria, but the results obtained a*e somewhat 
contradictory. 

* Bacteria being so minute, the actual pressure on a bacterial cell, 
even with these high pressures, is small. If, for example, a bacterium 
measures 1 fi by 6 p, a pressure of J00O fcgriu. per square centimetre 
would be but OtKS grm. (1 grain) on the cell. 
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Tbp radium emanations with prolonged exposure 
and near contact are germicidal to mwi-sporing 
organisms. 1 

Electricity, per se, has also usually little effect. 
When the current is • passed directly thi&bgh the 
cultures electrolysis takes place, antP the products 
formed may destroy the bacteria; currents of high 
potential, however, may inhibit growth. 2 

Living motile bacilli are very sensible to induced 
currents of electricity , immediately orientating them¬ 
selves in the direction of the current, while dead or 
paralysed bacilli are unaffected. 3 

Bacterial Products. 

The chemical changes produced by micro-organisms 
are chiefly analytic or destructive—the formation of 
simpler from more complex bodies. This analytic 
faculty is present to a marked degree in the process 
known as putrefaction. PeUvefttei-itm is a-4ertn applied 
tQ_..the ..decomposition of organic, especially protein, 
matter after the death, of the animal or plant. It is 
usually accompanied by the evolution of foul-smelling 
gases and by the solution of the solid material. _ A 
large, .number of organisms are concerned in., this 
process, particularly a group to which Hauser gave 
the name of Proteus. The first changes which occur 
are the formation of p^o^eosea and peptone, then leucin, 
tyroain, and glycocol, and basic compounds to which 
the name of ptypnine has been given ; ne$t„ indole, 
sl ^ql.n lp. and* pl^gnnl,. and volatile fatty acids; and lastly, 
mercapta ns. sulphuretted, hydrogen, marsh gas, ajm- 
ntfMHa, carbonio acid, and hydrogen. 

1 8ee Green, Proc. Roy. Soc. Lond., vol lxxiii, 1004, p. 375. 

9 Lortet, Qomp. Rend., t. 119, 1804, p. 463. 

5 Comp. Bend., t. 122, 1806, p. 802. 
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In view "of its practical importance in bacteriological 
Einalysis end the identification of species, indole may 
Sere be referred to at some length. 

| Indole (C a H 7 N) is a putre¬ 

factive decomposition of proteins containing a trypto. 
ptiafie ntfdTe llis”Aid is formed during tlu* growth of many 
Organisms, and, since one species may produce it and 
another allied one may not, the determination of its 
presence or absence in the culture may lie of value in 
the identification of organisms. The detection of indole 
is based on the reaction with nitrous ncid, with which 
it gives a fine purplish-red coloration. In order to 
test for it, the organism is grown in a fluid medium for 
twenty-four to forty-eight hours or longer, ! c.c. of a 
O’l per cent, solution of sodium nitrite is added to 
every 10 c.c. of the culture, and a few drops of pure 
concentrated sulphuric ncid or of hydrochloric acid 
are allowed to trickle slowly down the side of the test- 
tube, which is inclined with its mouth away from the 
operator. As the acid runs down, it is mixed with the 
fluid; a colour varying from pale pink to pale purple 
indicates the presence of indole. A control tube, 
uniiioculatcd, should also be similarly tested to make 
sure that the reaction is due to the products of tin* 
growth of the organism. The culture fluid usually 
employed is peptone water, preferably 2 per cent., hut 
some samples of “ peptone ” occasionally fail to givo 
the indole reaction when organisms are grown in media 
prepared from them ; the right kind of peptone must, 
therefore, be used. As the dilute solution of sodium 
nitrite is unstable, a stock 5 per cent, solution may he 
kept; 2 c.c. of this solution are diluted to 100 c.c. with 
distilled water at the time of making the test, and 1 c.c. 
of this dilution is added to every 10 c.c. of the culture. 
The addition of the acid liberates free nitrous act'd. 
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which reacts with any indole present, and yields a pink' 
colour. Sometimes when the reaction is apparently 
absent or feeble, it may be obtained or intensified by 
placing the tube in the blood-heat incubator 1 for half 
an hour. The sulphuric acid should be puref find free 
from oxides of nitrogen, hence hydrochloric acid is 
often preferable. 

A more delicate method of testing is to run a little 
hydrochloric acid down the side of the tube, so that a 
layer forms at the bottom, the nitrite having been 
previously added to the culture if required. A pink 
ring at the juncture of the hydrochloric acid and cul¬ 
ture indicates the presence of indole. The pink pig-, 
rnent, the product of the reaction, may be extracted by 
shaking with a little amylic alcohol. 

Other delicate and more certain reagents for the detection 
of indole are para-dimethylamidobenzaldeliyde (16 grin., dis¬ 
solved in water 250 c.c., concentrated sulphuric acid 80 c.c.), 
which gives a rose to cherry-red, and 0-naphthaquinone- 
sodium-inono-sulphonate i2 per cent, aqueous solution), which 
gives, when the mixture is rendered alkaline with caustic 
potash, a blue or blue-green colour or precipitate. The 
coloured compound may be extracted with chloroform, in 
which it yields a red solution. 

Peptone water is by no menus a good culture medium, 
and broth may therefore be employed, but it should be 
freo from dextrose. Peptone water with the addition 
of a little rabbit's serum is perhaps the best culture 
medium forjbhe production of indole. 

The presence of dextrose, saccharose, glycerin, or 
lactose in quantity exceeding about 0 - 25 per cent, 
prevents the formation of indole ip broth by bacteria. 
Broth prepared in the ordinary way usually contains a 
little dextrose derived from the glycogen in the meat. 
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nnd this probably explains why the indole reaction iB 
generally much more marked in a peptone water than 
in a broth culture, - although the latter is a better 
nutrient soil. In order to prepare a soil free from 
dextrose* T. Smith 1 recommends that the acid beef 
broth used incite preparation of nutrient broth tihonld 
be inoculated with the colon bacillus and incubated for 
twenty-four hours, and the peptone beef broth prepared 
from it. The dextrose is consumed and no indole is 
formed. 

Some bacteria not only form indole but also produce 
nitrites in the culture medium by the reduction of the 
njtrates present in the peptone, etc., used in making the 
nutrient medium, in which case the addition of pure 
sulphuric or hydrochloric acid alone, suffices to bring 
out tin* pink indole reaction. This forms, therefore, 
an additional means of distinguishing organisms, and is 
employed especially for the recognition of the cholera 
spirillum, which, if grown in peptone water, gives the 
indole reaction for, as it lias been termed, “ the cholera 
red reaction ”) on the addition of acid alone. The 
reaction can lie obtained as early as twelve hours after 
inoculation, and becomes very marked in twenty-four 
to forty-eight hours. 

If indole is formed only in small quantities, 1(K) e.c. 
of the culture may be distilled ; the first 20 e.c. of the 
distillate will contain the bulk of the indole. 

This "indole-reaction ” is not necessarily always due 
to indole ; the writer has shown" that tlio indole-like 
reaction obtained with cultures of the diphtheria and 
pseudo-diphtheria bacilli is owing to the presence of 
skatole-carboxylic acid. This substance is distinguished 
from indole by being non-volatile. To make sure of the 

k Journ. of Exper. Med, vnl. ii. 1907, p. 543. 

1 Trout. Path, Hor. Loud., vol. lit, pt. ii. 1901, p? 113. 
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presence of indole, the culture should therefore be 
made alkaline with caustic soda and distilled. 

Skatole (methyl indole) seems also to be formedfcby some 
organisms. It is volatile like iudole, but if a solyjfjon con¬ 
taining it be boiled with an acid solution of dimethylamido- 
benzaldeliyde (5 per cent, in 10 per cent, sulphuric acid) it 
yields a blue colour, which gives a blue solution in chloroform. 

l^itr ideation ,- —Another important series of changes 
is that included under the term “ nitrification ." As 
mentioned before, pcotein, al buminoidy and other com¬ 
plex nitrogenous matters and urea, all of which are 
valuable manures for plant life, cease to be so unless 
btrot^g ^ Tg ,,, prc8e n t. 

It is necessa ry..in fact, for. the nitrogenous mattecvto 
bo con verted -into, nitrates, in which form alone is it 
a vail able.for..the nutrition of plants. 

Although so important, extremely small quantities 
of nitrates are present in the soil; in fertile soils, for 
example, under some conditions there may be as little 
ns one part of nitrogen in 1,000,000, and ‘there is 
often less than ten parts. TUp_.bodiea yielding nitric 
acid in tho soil are: (1) free -nitrogen; (2) small 
quantities of nitrates in rain-water; (8) ammonium 
salts, applied intentionally or carried to the soil by rain 
or derived from the decay of organic matter; (4) various 
nitrogenous organic substances arising from the decay 
of animal and vegetable matters. 

With regard to the production of nitric acid from 
nitrogenous organic matters very little was formerly 
known. In 1877 Sehloesing and Muntz by an ingenious 
experiment showed that nitrification (as the production 
of nitric acid is termed) of nitrogenous organic matter 
is brought about by living organisms in the soil. 
Sewage vtas passed continuously through a tube 
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containing a mixturo of ignited quartz sand and lime¬ 
stone. After three weeks nitrates began to appear in the 
effluent and increased to such an extent that finally the 
filtered Sewage contained no ammonia. After this had 
contimft'fi for some weeks chloroform vapour was passed 
at the same t»no through the tube, with the result that 
in ten days after the introduction of the chloroform al| 
nitrates disappeared from the effluent. 

Subsequently the passage of chloroform vapour was 
discontinued, Imb nitrification did not resume until the 
washings from 10 grin, of garden soil were added. 
Eight days after this addition nitrates again appeared 
in the effluent (this was confirmed by Warington). 
Evidently the chloroform vapour acted as an antiseptic 
and killed the nitrifying organisms, while the addition 
of soil washings re-inoculated the material. 

•Shortly after this Schloesing and Miint/. found that 
exposure of soil to 100° C. for an hour destroyed the 
power of inducing nitrification. Soils thus treated 
were exposed to a current of air, purified by ignition, 
without nitrification taking place ; the uddit.iou of a 
little unheated mould was, however, sufficient to cause 
nitrification to recommence. They also tried seeding 
the sterilised soils with various Jlyphomycetes, etc., 
without result. 

In 1884 Warington concluded that the factor 
determining the formation sometimes of nitric acid and 
sometimes of nitrous acid was a difference in the 
character of the organisms ; for it is possible to have 
two similar solutions under identical conditions, and for 
nitrites to be produced in the one, and nitrates in the 
other. 

In 1886 Dr. Munro showed that the process of nitri¬ 
fication could take place in solutions practically destitute 
of organic matter. 
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Nitrification in the soil takes place in threfe stages: 

I. Arnmonimlion .— When complex organ/p com¬ 
pounds such ns albuminoids are applied to the land 
they are broken up; first they become liquefied, 
peptone-liko bodies being produced; these tare then 
further acted upon and we get alkaloid a 1 substances in 
'Sinall quantity, indole, skatolc, leucin, and tyrosin and 
amino-acids, valerianic acid, volatile fatty acids, lactic 
acid, etc. 

These changes are brought about by numbers of 
organisms, among which the varieties of Proteus 
(formerly known as Bacterium terrno ), B. mesenteric us, 
B. ulycoides, B. Jlnorexcens liquefaciens , and B. putrificus 
are the inoro important. 

The nitrogenous compounds are then further acted 
^ "pon and ammonium salts are formed. According to 
Kmile Marchal, ammonisation takes place essentially 
under the influence of microbes living in the upper 
layers of the soil. The Bacillus my co ides is one of the 
most energetic of these, and seems to play a double 
rule, being ammonising in the presence both of nitro¬ 
genous organic substances and of nitrates. Urea is 
ainmonised especially by the Micrococcus ureie. 

II. msUoh. —The- -amuumiacal salts are next 

converted into nitrites. The nitrous organisms can 
probably attack nitrogenous organic substances such as 
asparagine and milk, but only feebly, milk being much 
more rapidly nitrified when the nitrous organisms are 
mixed with other species. The organisms bringing about 
this change jj.ro short, stumpy, motile bacilli with single 
polar flagella which are grouped under the generic 
name of P seudom onas. 

IIT- HjJ&Q,tutiqn r —These nitrites are then converted 
into nitrates. The "nitric” organisms are minute non- 
motile bacilli kuown as Nitrobacter. 
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Stages II mid III are brought about by different 
species, tjia nitric organ isms having no affect whatever 
on ammonia, but acting only after this hus been oxidised 
into nitrffus acid by the nitrous forms. 

The discovery of Dr. Muuro that organisms will grow in 
purely inorganic solutions has lx*on made use of for the 
isolation, of the different species. Solutions such us the 
following have been used : 

For ilia Nitrous Or^miumiK. 

Aniinoniiini chloride, O o grin. 

Potassium phosphate, 01 grm. 

Magnesium sulphate, 0 02 grin. 

Calcium chloride, iroi grm. 

Calcium carbonate, 5 grm. 

Distilled water, lOOO c c. 

These are seeded with traces of earth, ami by currying on 
the cultivation for many generations a large iiiiuilier of 
organisms are eliminated. This method does not lead to a 
pure cultivation, for several forms ln-hidcs the nitrifying 
organisms persistently maintain themselves in these mineral 
solutions. 

So recourse was hud to gelatin plate eultivat ions. Although 
several organisms were isolated in this manner, none of them 
possessed the slightest nitrifying power. 

Franklaud, and later Warington (18H0), succeeded in 
isolating nitrous organisms by the dilution method. Nitrify¬ 
ing solutions were diluted, and 1 races inoculated into 
ammoniacal solutions; in some of these nitrification occurred, 
although no growth could lie obtained on gelatin, and they 
were found to contain the nitrous organism only. A little 
later Winogradsky isolated nitrous organisms, first by modi¬ 
fied gelatin plates, and afterwards by the silic'u jelly method. 

Warington gives the following directions for the prepara¬ 
tion ot silica jelly plates : Sodium carbonate is fused in the 
blowpipe, and fine white sand is added as long as efferves¬ 
cence is produced. The mass is allowed to cool, and ia then 
dissolved in water. The solution is poured into an excess of 


For iIn' Nilrir Oiyiimsin*, 
Potassium nitrile, *!•:* grm. 
Potassium phosphate. O'! grm. 
Magnesium sulphate, o tto grm. 
Calcium cnrlmiinte, grm. 
Distilled water, lINNI c.c. 
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very dilute hydrochloric acid (silicic acid and sodium chloride’ 
being formed). The solution is dialysed and#sterilised. 
Some of this is placed in a sterile dish and is mixed with the 
following solution and inoculated : ‘ 

Ammonium sulphate . .04 gum. 

Magnesium sulphate . . . 0 5 „ 

Di-potassium hydrogen phosphate . 0;1 „ 

Calcium chloride .... trace 
Sodium carbonate .... 0 6 0 9 grm. 

Water.100 c.c. 

This mixture sets to a jelly in five to fifteen minutes. 
•Winogradsky lias also made use of agar for plates, but this 
medium is not so suitable as the silica jelly. A 2 per cent, 
aqueous agar is prepared and poured into Petri dishes ; the 
film is then sown with Proteus, and allowed to grow for seven 
to ten days. It is then thoroughly washed, collected, melted, 
and mixed with the salts mentioned above. The object of 
growing the Proteus upon it as a preliminary is to eliminate 
the organic matter admixed with the agar. 

Nitrification in the soil is thus brought about by two 
groups of organisms. Tlio first oxidises ammonia into 
nitrous acid, and is isolated by successive cultivation in 
solutions of ammonium carbonate. The second group 
oxidises nitrous acid into nitric acid, and may bo 
separated by successive cultivations in a solution of 
potassium nitrite containing a little sodium bicarbonate. 
In the soil the nitric aud nitrous organisms are equally 
active. 

Besides the derivation of nitrogen from nitrogenous 
compounds, the free atmospheric nitrogen is also 
“fixed” through the agency of certain micro-organisms 
and rendered available for plant life. 

Thus, the Leguminosm are able to obtain their 
nitrogen directly from the nitrogen of the air. If the 
roots of a pea, bean, or vetch be examined — 
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little nodules will be found upon them ; these contain 
minute irt*egular and Y-shaped bodies, which have 
been termed “ bacteroids,” and seem to bo of the 
nature of involution forms. On inoculation into suitable 
culture media 1 the bacteroids give rise to a growth of 
a motile bacillus known as Pneudomonna nuUr.irola; 
this “fixes” the atmospheric nitrogen. The organisms 
penetrate the yonng roots through the root-hairs, innl-' 
tiply and form a filamentous zooghca, which grows 
into the tissue of the root and penetrates the cells. 
Large amounts of nitrogen are taken up by the 
bacteroids, and are converted into nitrogenous com¬ 
pounds which can be assimilated by the plant. Legu¬ 
minous plants grown from sterile seeds in a sterile soil 
dwindle and die, but if inoculated with the organisms 
derived from another plant of the same species growth 
becomes vigorous; if inoculated with those derived from 
another species growth still takes place, but not nearly to 
the same extent. The Leguminoste thus store up one of 
the most important elements of plant food, and hence 
their value in the rotation of crops. There is apparently 
no increase of nitrogen compounds in the soil, the 
excess found being due to the root residues remaining. 
A substance termed “ nitragin,” consisting of a culture 
of these root organisms, has been prepared as a fertiliser. 
Nobbe’s “ nitragin ” did not prove a success, apparently 
because the organisms soon lose their vitality. A better 
preparation, “ nitro-bacterine,” was devised by Moore 
of the United States Department of Agriculture. 
Besides the leguminous organisms, other Bacteria are 
present in the surface layers of the soil which fix 

1 Such as wood-ashes maltose agar. Boil 8 grin, of wood-ashes 
with 800 c.c. of water for one minute; filter. To 400 c.c. of this 
extract add 4 gnu. maltose and 4 gnu. agar. Boil until dissolved; 
filter, tube, and sterilise. 


8 
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atmospheric nitrogen. The principal of these are 
ovoid organisms known as Azotobacter. This group 
can be cultivated in a mannite medium, e. g. ( di-potas¬ 
sium phosphate 0’2 grin., mannite 20 grin., water 
1 litre. This may be used for isolation by converting 
into an agar medium by the addition of 2 per cent, 
agar. Prof. Bottomley has succeeded in obtaining a 
powder preparation of Azotobacter, which retains its 
vitality for months, and the preparation properly applied 
to poor soils produces astonishing results. 

It has been found that partial sterilisation of the 
soil, e. g. by heat, increases its fertility, whereas it might 
have been supposed that such a procedure would 
decrease the fertility by destruction of nitrogen-fixers. 
Russell and Hutchinson believe that the explanation is 
that in ordinary Boil amoebm and other protozoa devour 
and keep down the bacteria; by the sterilisation the 
protozoa are destroyed and the more resistant bacteria 
are then free to develop. 

Besides nitrifying bacteria many de-nitrifying or- 
organisms occur in the soil. They may (1) _ reduce 
nitrates to nitrites; (2) remove oxygen from nitrates 
and nitrites and form ammonia; (3) form nitrous and 
nitric oxides or nitrogen from nitrates and nitrites. 

Fermentat ion ,—Another important group of changes 
produced by micro-organisms is that comprised under 
the comprehensive title of “ f ormon ta t ion/' of which it 
is difficult to give an accurate definition, for the dis¬ 
tinction between it and other chemical changes due to 
the activity of micro-organisms is conventional rather 
than scientific. The jyrigiaal^gonception of the term 
involved the occurrence of frothing, of,, tha-fawaanting 
li quid , owing to the escape of gaseous products. Fnk. 
mentation is brought about bv the action of fapn^iita. 
two classes of which are reoognised, vi*. the lining, yi» 
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organised ferments, which, in other words, aro micro¬ 
organisms? and the nnnrgsniaml-ofr-eheHHeaMesaaenta, 
bodies siicji asjjepsin, which in minute amount produce 
changes in a considerable quantity of the substance 
acted upoTi* without themselves undergoing alteration. 

It js better to*reserve the term “ fermentation ** for 
th« ohangea brought ftbont by n.a nrg W ; W ii ferments 
or living organisms, and to call the unorganised fer¬ 
ments enzymes, and the changes which they produce 
zymolysis. As fermentations aro investigated more 
critically, the tendency is to find that they are brought 
about by enzymes, extra-cellular or intra-cellular, so 
that in course of time this distinction may no longer 
hold good. 

The~foilowiixg..are the -chief varieties of fermenta¬ 
tion : 

TJi&jtltffhpJic fernietitation .—This is mninly brought 
about by the decomposition qf sugars of the hexose 
group (CqHjo0 6 ), principally dextrose and lajvulose, by 
yeasts into alcdlfoT'ahd carbonic acid, but some of tlio 
bacte ria and moulds also produce appreciable quantities 
of alcohol. Other carbohydrates by the action of 
enzymes secreted by the organisms may bo converted 
into hexoses, which are then fermented. The general 
reaction is as follows : 

C fl H t2 0 6 =2C*H e 0 + 2C0 2 . 

As a matter of fact small amounts of by-products 
appear in addition to the alcohol and carbonic acid, 
viz. glycerin, succinic acid, and higher alcohols. Until 
1897 no enzyme had been obtained which would carry 
out this change; it only occurred when the living 
yeast-cells were present, but in that year Buchner, by 
grinding up the living yeast-cells, obtained a juice which 
decomposed dextrose with the formation of alcohol tuid 
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carbonic acid. This " zymase " Buchner claimed to be 
the alcoholic enzyme of yeast. 

The., lactic acid fermentation. —This is brought about 
c hiefly b y bacteria. Hexoses are converted into lactic 
acid, the reaction being— 

C|,H 12 O fl =2 (HC 3 H 6 0 jj) , 

but it is probably not actually so simple as this, for 
carbonic acid is given off at the same time. A familiar 
example of this form of fermentation is the sourin g .of 
Bi'lk, which, the..lactose is acted-upon- as follows : 

^ia^22®n ”1" H 2 0 = 4C 3 H 8 0 3 . 

T he butyric acid fermentation. —Butyric acid is formed 
from carbohydrates by the action of bacteria, mainly 
the Bacillus hntyricvs and Clostridium hutyricum, the 
latter an anaerobic organism, some by-products being 
formed in addition. Milk which has been just boiled 
usually undergoes the butyric rather than the lactic 
fermentation, the spores of the butyric organisms sur¬ 
viving. Lactic acid is first' formed, and this is then 
converted into butyric acid : 

2C 3 H 6 0 3 =C 4 H 8 0 2 + 2C0 2 + 2H 2 . 

The aoei*A ~ aeid~ fermentation. —The conversion . of 
alcohol into acetic acid is also due to bacteria, 
familiar examples of which are the souring of beer 
amL~wioa. 

Tfcjnhrriniil i nTyrnTT"™" Mnnj changes brought about by. 
bncteria and other micro-organisms are due to enzymes, 
which may be not only intra-cellular but may escape from 
the cells into the medium in which they are. The most, 
familiar example is the peptonising enzyme produced by 
bacteria which liquefy gelatin and digest coagulated, 
protein, fibrin, etc. The enzymes differ: an organism. 
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tvhich liquefies gelatin does not necessarily digest blood- 
serum. 'tiiie proteolytic enzyme is tryptic in nature and 
escapes from the cells into the surrounding medium, so 
that som& of the liquefied gelatin free from cells or in 
which thfeir action is inhibited by an antiseptic, liquefies 
other gelatin ifaadded to it. Ainylolytic enzymes are 
also produced, such as amylase (digesting starch), 
maltase, lactase, inulase, and invertase. Lipases and 
rennet-like enzymes also occur. “ Fermentation ” of 
urea takes place by means of an enzyme secreted by the 
Micrococcus urea:, etc., with the formation of ammonium 
carbonate. These enzymes do not seem to possess any 
poisonous action. 

formation Of pigment. —Numerous organisms, espe¬ 
cially those of air and water, during their growth pro¬ 
duce various coloured pigments. Tlmy m-u—termed 
‘‘chromogenic bacteria,” examples , of wliiuh are the 
Parana, lutea and Micrococcus centos, var. Jlavns, which 
form citron-yellow pigments; the Bacillus prodigiosusand 
Spirillum rubrum, red pigments; the Jiacillus violaceus 
forms a rich violet one ; and the Bacillus pyocyaneus, 
a blue. A large number of chromogenie organisms 
require oxygen for the production of the pigment, and 
potato is often the most favourable culture medium. 
In some cases the medium may become coloured, and 
the property of fluorescence be conferred upon it, as is 
the case with the Bacillus Jluorescens liguefariens. 
Usually the pigment is extra-cellular, occasionally, us 
in B. violaceus, it is intra-cellular. 

Phosphorescence, or light-production, is developed by 
some bacteria, notably by many marine forms, and is 
well seen in decomposing fish. Some spirilla are also 
known occasionally to produce phosphorescence. 

A necrotic action on the tissues is produced by many 
pathogenic organisms. For example, the tubercle and 
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glanders bacilli cause necrosis and caseation of tbte 
surrounding tissues. 

Gas prod uction .—This is cammed to many organisms. 
Thd' "'g&s ‘may " consist of cafbo»ife^.arid > hyflmgan, or 
mnrjih gas, and in some cases of foul-smelling sulphur 
c ompoun ds. ° , llplir i, ° f * n J L _T J ""r Q "i mercaptans, etc. 

Sulphuretted hydrogen may be detected by the blackening 
of lead acetate paper. Methyl mercaptan may be detected by 
aspirating a current of air through the culture, through a 
calcium chloride drying-tube, and then through a test-tube or 
small flask containing isatin dissolved in concentrated sul¬ 
phuric acid. The red colour of the isatin solution is changed 
to olive- or grass-green by the mercaptan. 

hnfteri ftl prod ucts .—Almost without exception 
the pathogenic notion of bacteria is brought about by 
means of the chemical substances prod need, in one way 
or another by their metabolic processes (see also p. 135), 
The toxic bacterial products may be classified as 
follows: 

(1) J fl‘ pducts .—These are substances 

produced by the decomposition of the medium upon 
which the bacteria are growing. Thus proteoses 
appear to be formed by the anthrax bacillus and the 
pyogenic cocci. 

T he ptom inea form another group of these substances. 
These are a very important group of nitrogenous 
bodies, analogous to the vegetable alkaloids and mostly 
solid and crystalline in nature, which are formed by 
the action of bacteria on protein and albuminoid J 
matter. They often occur, naturally in decomposing 
and putrefying food, meat, fish, etc., and as .many of 
them are virulent poisons they are of considerable 
practical import. Generally speakings the poisoning 
due to tainted food is due to the absorption of toxic 
ptomines formed by bacterial action. A number of 
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toxic ptomines were isolated by Brieger from cultiva¬ 
tions of pathogenic microbes, and great importance was 
once attached to them. They are referred to in the 
chapters describing the pathogenic organisms. 

Briegar.'s work, however, needs revision, for his 
methods were ig>t such as to exclude alteration by the 
reagents employed. 

Stevenson obtained traces of a highly poisonous 
crystalline ptomine from some sardines that had caused 
death. Vaughan has isolated a body, tyrotoxicon, 
apparently identical with diassobenzene, from poisonous 
cheese and milk. Mytilotoxin (C 0 If 16 NO 4 ) is the 
specific poison of toxic inussols. Ncurin and muscarin 
are extremely poisonous and may occur in decomposing 
flesh. Some of the ptomines produced by putrefaction 
are very similar to certain vegetable alkaloids and 
are thus of considerable medico-legal importance. Thu 
ptomines are not specific like the true toxins, and toxic 
ones may be produced by non-pathogen ic bacteria. 

{2) ToxilUmt —These are the 

by lmntftrin. n.ntl excreted by the cells into the 
surrounding . medium. They are regarded by Martin 
and others as being allied to the proteoses. Houx and 
Yersin suggested that the diphtheria poison might be 
an enzyme, while Brieger and Frankel regard it as 
albuminous. The toxins are non-basic substances 
closely related to the proteins and hence have been 
named tox-albumins, and are considered to be the 
• specific toxic poisons of the pathogenic bacteria. It is 
difficult or impossible to prepare them in # a state of 
purity and their chemical constitution is therefore un¬ 
known, and they are characterised by extreme specifi¬ 
city. Such are the poisons of the diphtheria and 
tetanus bacilli. 

(3) Endotoxin s .—These are toxic substances ciabo- 
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rated by the bacteria which,. do. not.toany exte*#» 
escapofrom the cejls.„ They are as specific as the 
toxins and possess analogous properties (see"below). 

C4V B acterial proteins. —These are toxic constituents 
of the bacterial cells which do not diffusp.from the 
cells, are not specific, and which probably usually play 
little part in the production of the disease symptoms. 

Literature. 

On Nitrification, see Warington, Journ. Chem. Soc., 1886, 
fit seq.; Franklaud, Cantor Lectures, 1892; Nature, 1890, et 
seq.; Liihnis, Handbuch der landvnrtschaftlichen Bakteri- 
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Endotoxins. 

Tligjmajprity of pathogenic micro-organisms do not excrete 
any ap preciable amount of toxin; tli o toxin remain s within 
the cells. To such an intra-cellular toxin the name of “gndo- 
tqjjn ” has been given. Thejboxins of the staphylococci and 
strgpjuacocci, the tv phoi(|-col oif group, n lagu e. clnjfira, etc., are 
endo toxins. Various methods have been employed to pre¬ 
pare these endotoxins, such as extraction of the cells by the 
action of weak alkalies and enzymes, and by autolysis or 
self-digestion. 

The late Dr. Allan Macfadyen conceived that if the intra¬ 
cellular toxins (endotoxins) of such organisms as the typhoid 
bacillus, cliplera vibrio, etc., cduld lie obtained free from the 
bacterial cells, it might be possible to prepare sera (anti- endo- 
toxic sera) of much more therapeutic potency than the ordi¬ 
nary anti-microbic sera. 

The disintegration of the bacterial cells in the presence of 
intense cold, to prevent chemical change in the bacterial juice 
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Fto. 1- Barnard machine for disintegrating bacterial and other cells. 
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obtained, was the method devised by Maefadyen to attain tUis 
end. With the aid of his colleagues, Mr. Bowled and Mr. 
Barnard, and of his laboratory assistants, Messrs. Burgess and 
Thompson, apparatus and methods were evolved to effect this. 

By growing on the surface of agar or other suitable medium 
in plate bottles (Fig. 15), soraping off the gjowth and suspend¬ 
ing this in salt solution, centrifugalising at high speed, and 
collecting the bacterial cell-mass on the walls of the centri¬ 
fuge vessels, sufficient material is readily obtained to grind or 
triturate, and thus disintegrate the bacterial cells so as to 
liberate their contents. This is accomplished by means of a 
special machine, the essential part of which consists of a metal 
cone revolving at a high speed in a metal pot, the bottom of 
which is shaped so as to fit the cone. The pot, with its con¬ 
tents, is immersed in a vessel of liquid air or other freezing 
mixture, and the bacterial mass is ground. 

After grinding, the ground material is made up with 
distilled water or with O'l per cent, sodium hydrate, so as to 
form a 10 per cent, solution (calculated on the original 
| weight of the moist bacterial paste) ; this is centrifugalised, 
> and the Huid is filtered through a sterile Berkefeld filter. 

1 The filtrate thus obtained is the endotoxin, and is used to 
| immunise horses and other animals in the same manner as 
. with any other toxin; it should be used as fresh as possible. 

; The amounts of a typhoid or cholera endotoxin employed for 
' immunising must at first be small, 0*2-0‘5 c.c., as it produces 
: considerable disturbance on injection, and the amount is 
■. gradually increased. After some weeks’ treatment a dose 
^of 20-80 c.c. may bo injected. When tests show that the 
; serum lias attained the necessary potency, the horse is bled 
l and, the Berum obtained and bottled. 

^.'he endotoxins also possess immunisin g pmpprtm-*^ a 
high-degree, and may be u sed as p ro ph vlactic-or as curative 
vacci nes; they markedl y raise the opsonic inde x, 
j Another machine has "been devised by Barnard for disinte¬ 
grating bacterial and other cells. It is supplied by Messrs. 
Baker, of High Holborn, and is depicted in Fig. 1, p. 41. 
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• The containing' vessel consists of a phosphor-bronze lxxly. 
a, in which five hardened steel balls, b, are placed. The shape 
of the containing vessel is such that when these balls are at 
its periphesy they accurately fit the inuer side of the vessel. 
The balls are evenly distributed round the vessel by means 
of a cage, c, and during the time they are running this cage 
ensures that they fre equi-distaut and do not collide one with 
another. At the centre of the metal vessel is a steel cone, », 
which is of such a size that it keeps the balls in their proper 
position in close contact with the periphery of the containing 
vessel. The vessel is closed by a screw cap, k, through which 
the steel cone passes, and in which it is free to rotate. Over 
the whole of this a metal cylinder, v, is placed, and is screwed 
down, completely sealing the upper optMiing in the metal 
vessel. In the top of this metal cylinder a steel hearing, o, 
is placed, which has freedom of movement in a horizontal 
direction, but is kept down on the top of the sf«*el cone by 
the action of a spring. It therefore follows that when this 
metal cylinder is screwed down the steel cone is pressed on to 
the balls, and the halls are in their turn forced out to the 
periphery of the metal pot. The ■whole appliance is mounted 
on a cone, h, and a centre, i, which are carried by two 
uprights attached to the base plate, J ; one cud of the shaft 
is attached to the electric motor. 

The grinding action is brought about by retarding the 
revolution of the central cone, u. This has Ijcen effected by 
mounting on the spindle of the central steel cone, u, a semi- 
cylindrical mass of iron or lead, k, the weight of which must 
be such that when the whole apparatus is rotated it is suffi¬ 
cient to hold the central cone still. 

By retarding the cone in this way a drag is placed on the 
balls, tbey slide to a certain extent over the inner surfnee of 
the pot and exert a grinding action. 

See Hewlett’s Serum Therapy, 1910; Hewlett, Proe. Roy. 
Soe., b., 1909 and 1911; Proc. Roy. 8oc. Metl., vol. iii, 
1909-10 (Pathological Section), p. 165; Barnard and 
Hewlett, Proc. Roy. Soc., b., 1911. 
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CHAPTER II. 

METHODS. OF CULTIVATING AND ISOLATING ORGANISMS. 

It is necessary for the satisfactory study of micro¬ 
organisms in their relation to the various processes of 
infection and disease, of fermentation, putrefaction, and 
the like, to separate and isolate the different species occur¬ 
ring in a mixture, and, having done so, to cultivate, grow, 
or propagate each species on suitable soils through suc¬ 
cessive generations. A slight consideration will show 
that unless wo work with pure cultures—that is, cul¬ 
tures consisting of a single species—we can never be 
sure that a particular result is due to a given organism ; 
in a mixture several or all of the forms present may 
conduce to the effect produced. With regard to the 
pathogenic organisms, or disease germs, Koch laid 
down certain conditions which have been termed 
“Koch’s Postulates” (p. 154), which must be complied 
with before the relation of an organism to a disease 
process can be said to be completely demonstrated, 
one of which is that “ the organism must be isolated 
and cultiyated outside the animal body on suitable 
media for successive generations.” 

In order to isolate organisms in a state of purity it 
is absolutely necessary to employ vessels, instruments, 
and culture media which are sterile, that is, free from 
any living organisms, and to possess the means of 
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manipulating them in such a way that the entrance 
of organisms from without is prevented and contamina¬ 
tion avoided. Various methods of destroying and of 
getting rid of organisms are known, such as the use of 
chemical •‘germicides,” heat, and filtration through 
porous porcelain.* The addition of chemical germicides, 
such as carbolic acid or corrosive sublimate, is out of 



Fio. 2.—Hot-air steriliser. 


the question; for although the vessels and media might 
be rendered sterile thereby, the growth of the orga¬ 
nisms which are being investigated would ^equally be 
prevented, so that the two last, viz. heat and filtra¬ 
tion, are those which are employed, the former being 
used for vessels, instruments, and culture media, solid 
and fluid, the latter for fluid culture media only. 

Various apparatus are needed for sterilisation and 
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the preparation of cal tare media. These will now b'e 
described. ® 

Hot-air steriliser (Fig. 2).—This is a rectangular 
box of sheet iron with doable walls, having an lair- 
space of nearly an inch between them, and ‘furnished 
with a door. The bottom should be protected with a 
loose piece of sheet iron, which can be renewed as it 

“ burns ” away. • The top is 
perforated with a couple of 
holes, through one of which a 
chemical thermometer, regis¬ 
tering to 200° C., is inserted 
in a cork, while through the 
other some form of mercurial 
regulator can be introduced 
if required, but is riot usually 
needed. In the hot-air steri¬ 
liser all thin-glass vessels and 
cotton-wool are sterilised by 
heating to a temperature of 
about 150° C. by means of a 
Bunsen or a small ring burner 
under the steriliser, which is 
supported on a suitable iron 
stand. If the steriliser is 
Fio. 3.—steam steriliser. placed on a table or other 

wooden support, a piece of 
sheet iron, asbestos cardboard or uralite should be 
laid over the wood to protect it from the heat. An 
inexpensive substitute for the hot-air steriliser may 
readily bo devised, any iron box or even a biscuit-tin 
being used for the purpose. 

Steam steriliser (Fig. 3) —This consists of a cylin¬ 
drical or rectangular vessel of tinplate, galvanised iron, 
or copper, covered on the outside with a layer of felt 
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or’asbestos, having a false perforated bottom supported 
a few inches above the true bottom, and provided with 
a movable lid. In the steam steriliser or “steamer" 
the culture media, and thick glass vessels and other 
apparatus tvhich would crack or be damaged by the 
high teinperaturea>f the hot-air steriliser, are sterilised 
by steam. The lower chamber of the steamer, below 
the false bottom, is partly 
filled with water, which is 
boiled by means of a Bunsen 
or ring burner. Above the 
false bottom the culture media 
or apparatus are placed, and 
are sterilised by the steam at 
100° C. which fills this space. 

Here a<fain an inexpen¬ 
sive substitute may be de¬ 
vised ; the ordinary kitchen 
saucepan with steamer will 
do well for many purposes, 
while a “warren pot "answers 
admirably. 

Autoclave (Fig. 4).—This 
is most useful for many pur¬ 
poses, but it is expensive Fig. 4.-Autoclave, 
and not a necessity, as the 

steam steriliser can be made to answer almost every 
purpose for which the autoclave is employed with 
the expenditure of a little more time and trouble. 
It consists of a strong boiler of brass or gun-metal 
with a removable lid, which is attached to the boiler 
by means of screw-bolts. The lid is provided with a 
.safety valve, a gauge for indicating the pressure and 
temperature, and a stopcock to relieve the pressure if 
required. A small quantity of water is placed in the 
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bottom, and the media or apparatus to be sterilised 
having been introduced, the lid is screwed) down. It 
is heated by means of one or more Bunsen burners, 
which are turned down when the required tempera¬ 
ture has been reached. The temperature usually em¬ 
ployed is about 115° to 125° C. Whon sterlising media 
care should be taken that the vessels are not filled too 
full, and that the autoclave is allowed to cool down 
below 100° C. before relieving the pressure by opening 
the stopcock, or a good deal of the contents may be 
lost by violent ebullition. Also, while raising the 
temperature the stopcock should always be left open 
until steam is being freely generated in order that the 
air may be expelled. 

Air-jnimj ).—An exhaust pump is very useful for 
many purposes, such as evaporating to dryness in 
vacuo, filtration through porous porcelain filters, etc. 
Any form will do, but of the more elaborate ones the 
Fleuss pump (Fig. 5, p. 50) made by the Pulsometer 
Engineering Company is one of the best. In using it 
care must be taken that no fluid or moisture gains access to 
the barrel; to avoid this it is a good plan to intercept 
the connecting pipe with a vessel containing strong 
sulphuric acid (d. Fig. 5), over the surface of which the 
exhausted air has to pass. A double-necked Woulfe’s 
bottle does well for this, the inlet and outlet tubes 
extending nearly down to, but not dipping below, the 
' surface of the sulphuric acid. 

For greasing the vessels, etc., to make air-tight 
joints, beeswax dissolved in the Fleuss pump oil with 
the aid of heat to a stiff paste is a good composition, 
or the resin ointment of the Pharmacopoeia may be 
used. 

Bell-jars with ground rims and one or two tubules 
are useful for evaporation in vacuo. Thev shonld 
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sfttnd on a square of thick ground glass. To make an 
air-tiglit joint the" surface of the rim of .the boll-jar, 
which must be quite clean, should be well greased aud 
pressed thoroughly home on the ground-glass plate. 
A thick ridge of grease should then bo plastered all 
round the angl# formed by the rim of the boll-jar 
and the glass plate. Thick rubber pressure tubing 
must be used for connections, and all joints should h« 
well greased. For evaporating largo quantities of 
fluid the writer devised a copper stain! with shelves, 
the shelves supporting glass dishes containing alter¬ 
nately strong sulphuric acid and the fluid to be 
evaporated, the whole being placed under a suitable 
bell-jar. A mercurial gauge is a useful addition to 
show the amount of exhaust and the occurrence of 
leakage. The ordinary glass filter pumps used in 
chemical work and actuated by a stream of water, are 
also useful for many purposes. 

P<trous porcelain filters .—The forms which are 
generally employed are the Fasten r-Chamborland, the 
Doulton, and the Bcrkefeld. These consist of ■‘candles” 
composed in the first two of unglazed porous porcelain, 
in the last of a specially prepared diatotnaceous earth. 
The filtration through the Pasteur-Chamberland ismbeh 
slower than through the Berkefeld. All give a genn- 
free filtrate, but the last should bo employed if the 
fluid is thick or contains many particles; a preliminary 
filtration through paper is an advantage. A useful 
method of conducting filtration is the following : The 
filter “candle” (b. Fig. 5, p. 50) is connected by a short 
length of pressure tubing with a piece of glass tubing 
passing through a rubber cork in the neck of an 
ordinary filtering flask c. The " candle ” is placed in 
a jar a, such as a glass measure or urine-jar, which is 
filled up with the solution to be filtered. The lateral 

4 
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branch of the filter flask is then connected with the 
air-pump. On exhausting, the fluid passes through 
the filter “ caudle ” over into the filtering flask, in 
which it is collected. Before use the “ candle ” should 
be well scrubbed and some water or per cent, 
carbolic run through to clean it, aiW the whole may 
be sterilised in the steamer for an hour or two. After 
use the same process should be repeated to cleanse it. 



Flu. —Fionas exhaust pump, arrau^eil for filtration. 


Plaskn, beaker*, and tent-tubes .—A good supply of 
these is required of various sizes : Erlemueyer and 
ordinary shapes, tall and short forms of beakers, etc. 
A few “yeast flasks” are also useful (see Fig. 13, p. 76). 
Beakers aud flasks of “ Jena ” glass are to be pre¬ 
ferred. ^Enamelled iron ware, jugs, saucepans, mugs, 
etc., may replace glass for many purposes. 

The best size of test-tube is 5" x §■"; a few larger 
sizes and “ boiling tubes ” should also be kept. 

Platinum needles (Fig. 6).—Two or three platinum 
needles are required. They consist ol’ about two 
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inches of platinum wire in a handle of glass rod. One 
end of a glass rod is softened in the Bunsen or blow¬ 
pipe flame, and about an eighth of an inch of the 
platinum wire is embedded in it with a forceps, the 
wire having beejj first heated to a red heat. The 



glass-wire joint is then well annealed in the flame and 
allowed to cool slowly. Metal handles may also be 
used. Two thicknesses of platinum wire are desirable, 
viz. 0’4 mm. (27—2H B.W.t-J.) for most purposes, but a 
thicker wire of about 0’7 mm. where stiffness is 
required, and one or two .‘1 in. or more in length are 
useful. 

Forceps, need ten, etc .—Several forceps are necessary, 
the ordinary dissecting form in two or three sizes, one 
or two pairs of fine pointed, two or three small brass 
ones, and two or three pail’s of the “ Cornet " pattern. 
A few ordinary sewing needles of various sizes mounted 
in wooden handles serve all purposes. 


Ftu. 7.—Ulass pipette. 

Gians pipettes and capillary tubes. — These are 
useful for preserving or storing blood or pus, etc., for 
examination, for sterile water in making film speci¬ 
mens, and for many other purposes. A piece of glass 
tubing is heated in the blowpipe flame until quite soft; 
it is then taken out vf the flame and the two ends 
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pulled steadily apart; this forms a capillary tube 
of greater or lesser length and smalld!" or larger 
diameter, and it can be sealed off in convenient lengths. 
To make a pipette proceed in the same way : seal off 
the capillary tube two or three inches from the wide 
tube, then heat this close up to wftere it was heated 
before, and draw out again and seal off two or three 
inches from the bulb. In this way a capillary tube 
with a bulb at its middle is formed (Fig. 7). “Vaccine 
tubes/’ pipettes made of glass tubing drawn out at ono 
end, and Wright’s capsules (see Fig. 35, a and d, p. 225) 
are also useful. 

India-rubber caps. — A few indiarubber caps for 
capping test-tube or flask cultures- are required. They 
retard evaporation and the desiccation of the medium, 
aiid prevent the entrance of moulds. For use they 
should be soaked in 1—500 corrosive sublimate solu¬ 
tion ; they should not be kept in the solution, as 
vulcanised rubber absorbs mercuric chloride (Glenny 
and Walpole). Tinfoil or gutta-percha tissue (sealed 
down by warming) may also be used to cover the tops 
of tubes and flasks. 


Preparation of Sterile Test-tubes, Flasks, etc., for the 
Reception or Manipulation of Culture Media. , 

To sterilise cotton-wool. —Non-absorbent cotton-wool 
best or No. 2 quality, should be used for plugging 
purposes. The wool should be pulled apart so as - to 
assist the penetration of heat; in the compressed con¬ 
dition the interior is difficult to sterilise. The separated 
wool is placed in the hot-air steriliser and the tempera¬ 
ture is slowly raised to 115° C. and maintained at this for 
at least an hour. Above 150° C. cotton-wool becomes 
brown and brittle. It is a common practice now to use 



Sterilisation of Glass Ware 58 

various coloured wools for the different culture media, 
especially the carbohydrate ones, so that they are 
readily distinguishable by the eye. The coloured 
wools may be purchased, or the ordinary white wool 
may be dySd with the “ Dolly ” dyes. 

Glass vessels .—flThe vessels (usually test-tubes, flasks, 
and dishes) are thoroughly washed and rinsed in water, 
then rinsed with 25 per cent, hydrochloric acid, and 
afterwards washed well with tap-water and drained. A 
final rinse with distilled water or alcohol is an 
advantage, as no deposit then occurs on drying. The 
cleansed vessels should be dried before sterilising, 
either in the air or by placing in the hot-air steriliser 
for half an hour. When dry, the vessels are plugged 
with a firm plug of the sterilised cotton-wool, and are 
placed in the hot-air steriliser, the temperature of 
which is then raised to about 150° C. They should 
remain at this temperature for not less than half an 
hour, after which the steriliser and its contents are 
allowed to cool slowly. 

Petri dishes for plate cultures, graduated pipettes, 
etc., are cleaned as described for tubes and flasks. 
They may bo sterilised and kept in sheet-iron or 
copper boxes of appropriate size and shape. 

If tubos, flasks, pipettes, etc., are required in a hurry 
they may be rapidly sterilised as follows : After wash¬ 
ing in water they are rinsed with 5 per cent, carbolic, 
then with absolute alcohol, and finally with ether, and 
are then well flamed over a Bunsen flame, holding in a 
suitable forceps or holder. '1 he ether evaporates and 
burns at the mouth, and when dry, a pledget of cotton¬ 
wool is held in the forceps and singed in the flame, and, 
while burning, the tube or flask is plugged with it. 

When thick glass, vessels, such as measures, etc., 
have to be sterilised, it is not safe to do this in the hob- 
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air steriliser unless the heating and cooling are carried 
out very slowly, as they are very liable to caack. It is 
preferable, after cleaning and plugging with sterile 
wool, to steam in the steam steriliser for three to five 
hours, the heating and cooling being conducted slowly. 


Culture Media. 

The ordinary methods of preparing culture media are 
here given, but “ Standard ” media, having definite re¬ 
actions, are now largely employed (for the method of 
standardisation, see p. 64). Certain special media will be 
described as required. In all cases the media are filled 

into the cleansed and sterilised vessels, test-tubes, 
flasks, etc. (p. 53). For ordinary laboratory cultures 
test-tubes are generally used. Media which are solid at 
ordinary temperatures, r. g. agar, gelatin, and serum, 
are prepared either as deep, upright tubes (fig. 8, a), 
for which 8-15 c.c. of the medium are required for a 
tube, or as sloping tubes (Fig. 8, c), for which 4—5 c.c. 
are required for a tube. Of fluid media 7—15 c.c. 
are used for a tube. The prepared media having 
been introduced into the test-tubes, etc., sterilisation is 
effected in the steam Bteriliser (p. 46) by steaming 
for twenty to thirty minutes on two or three successive 
days, or in the autoclave (p. 47) by heating to 115°—120° 
C. for half an hour on one occasion. Culture media 
may also be kept in bulk in flasks; these need some¬ 
what longer sterilisation than tubes. Tubes of some of 
the culture media can also be purchased ready for use. 
Certain media can be obtained in powder form (Chop¬ 
ping’s) from Messrs. Baird & Tatlock, and in tabloid 
• form (Thompson’s) from Messrs. Burroughs & Well¬ 
come. These are convenient when small quantities are 
required for occasional use. 
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• Acid beef-broth .—The basis of the most important 
culture madia, viz. peptone beef-broth, gelatin, ami 
agar-agar, is an infusion of meat prepared usually from 
beef. In order to prepare this infusion, which may be 
termed acid beef-broth, proceed as follows : Take 1 lb. 
of beef (“ graves beef ”) free from fat, chop fine or 
mince, add one litre of tap-water, anil allow it to simmer 


in a saucepan for one hour ; cool, 
remove any solidified fat from tin* 
surface, and filter through filter- 
paper into a clean glass flask. If 
not "required for immediate use, 
plug the neck of the flask with 
cotton-wool, and steam in the 
steam steriliser (or boil) for three- 
quarters of an hour on two suc¬ 
cessive days. It may then be 
kept until required. 

Peptone, beef-broth .—Take one 
litre of the acid beef-broth, add 
to this 10 grin, of peptone 
(Witte’s) and f» grin, of common 
salt ( i. e. 1 per cent, peptone 
and O'o per cent, sodium chlor¬ 
ide), mix in a flask, and steam in 
• the steam steriliser until dissolved. 
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When dissolved, remove from 

the steam steriliser and render slightly alkaline 
with a 10 per cent, solution of caustic soda (prefer¬ 
ably) or of sodium carbonate, <jto::>■<! lityms-papor 
being used as an indicator. Having done this, leturn 
to the steamer for one hour, then filter through two 
thicknesses of German filter-paper. It should now be 
quite clear and bright and may be kept in bulk, after 
sterilising, or be introduced into test-tubes, etc., and 
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sterilised. Beef-broth, if prepared in this manner, may 
need no clarifying, but if it should filter at call cloudy, 
cool to 50° C ., add the white of an egg beaten up with 
the shell, and steam for half an hour, filter, and finally 
sterilise as before. Other preparations of peptone 
may be used. 

Instead of meat infusion, meat extracts hare been much 
used of late. The general opinion is, however, that meat- 
extract media are not such good nutrient soils for many 
purposes as those made from meat. The following is the 


composition of “ Lemco ” broth : 

Lemco.10-20 grin. 

' Peptone (Witte) .... 10-20 grm. 

Sodium chloride.5-10 grm. 

Water (preferably distilled) . . 1 litre. 


The constituents are dissolved with the aid of heat, neutra¬ 
lised, clarified and filtered. Lemco. may also be used to make 
all the other media for which acid beef-broth is employed. 

Veal-broth .—For some purposes veal presents advan¬ 
tages over beef, e. g. for growing the tubercle bacillus. 
When obtained from the butcher’s the veal is frequently 
powdered with flour ; this should be brushed and washed 
off as completely as possible, as it renders the broth 
turbid and difficult to clarify. The veal-broth is made 
in precisely the same way as peptone beef-broth. It is, • 
however, often slightly alkaline, so that less alkali is 
required for neutralisation. For the cultivation of the 
tubercle bacillus about 4 to 6 per cent, of glycerin 
should be Ridded. 

Glycerin beef-broth is prepared in the same manner, 

4 to 6 per cent, of the best glycerin being added to the 
■fluid after filtration. 

Glucose broth .—For the cultivation of anaerobic 
organisms the addition of 0‘5 to 2 per cent, of grape 
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augur ia an advantage. It should be added after 
filtration. 

Peptone water. —Add to distilled water 1 to 2 per 
cent, of Witte’s peptone and £ percent, of common salt, 
dissolve by heat, make faintly alkaline, steam for one 
hour and filter. 

For the cholera vibrio it is an advantage to add 1 per 
cent, instead of £ per cent, of common salt (Dunham’s 
solution). 

Beer-wort. —Procure beer-wort (preferably uuhopped) 
from the brewery. Allow it to stand in a cool place 
for twelve hours, filter, and then steam for an hour 
and filter again. Fill into sterile test-tubes and 
sterilise. 

Nutrient gelatin. —Take 1 litre of the acid beef-broth 
in a large flask■ and add to it 100 grin, of the best 
"gold label” gelatin (Coignet’s), 10 grin, of peptone, 
and 5 grm. of common salt. Place in the water-bath or 
steamer until quite dissolved. Then render faintly 
alkaline, as for tlio peptone beef-broth ; cool to '>0° 
and add the white of an egg, stir well, and return to 
the steamer for one hour. Filter through two thick¬ 
nesses of filter-paper in a hot-water funnel (this is best, 
but it may be done in the steamer at a low temperature, 
e.g. 35° C.) Fill into test-tubes und sterilise. After 
the third steaming the tubes are allowed to solidify, 
either in the upright or oblique position, according as 
they are required for stab or surface cultivation. 

* In hot summer weather 15 or even 20 j>er cent, of gelatin 
(150 gnu. or 200 grm. to the litre) are necessary for the 
product to remain solid, as nutrient gelatin melts at 24° C. or 
a little under. Prolonged lwiling diminishes and ultimately 
destroys the gelatinising power of gelatin, so the less it is 
heated the better. It must not lie autoclaved. 
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Glucose gelatin .—Ordinary gelatin with the addition 
of 1 to 2 per cent, of grape sugar. 

Beer-wort gelatin .—This is one of the best culture 
media for yeasts and some of the fungi (e. g. ringworm). 
Procure from the brewery some beer-wort, preferably 
unhopped, and add to every litre 10§ grm. of gelatin. 
Dissolve, clarify, and filter, as in the case of ordinary 
gelatin. It is not neutralised. 

Nutrient agar-agar .—This is one of our most valuable 
culture media, and has the advantage over nutrient 
gelatin that it remains solid at blood-heat. 

Agar is a carbohydrate substance of high melting- 
point and considerable gelatinising power, obtained 
from Mas tern seaweeds. The powdered form is now 
generally used. Add 15 grin. (i.e. per cent.) of 
powdered agar to 1 litre of acid beef-brotli, together 
with 10 grm. of peptone and 5 grm. of common salt in 
a large glass flask, place in the water-bath until dis¬ 
solved (half an hour to one hour), and then render 
alkaline ns for peptone beef-broth ; allow it to cool to 
50° 0., and add the white of an egg. Return to the 
steamer for an hour and a half, then filter through an 
agar filler-paper {“ papier Chardin ”) in a liot-water 
funnel or in the steamer. Rv this treatment a litre of 
agar should pass through the filter in two to three 
hours. If it does not come through clear, add another 
white of egg and repeat the process. 

If an autoclave is available, a qnicker and better 
method is, after neutralising and adding the white of 
an egg, to.plnce in the autoclave with a small beaker 
inverted over the month of the flask, and heat to 134° C. 
(two atmospheres pressure) for half an hour. Turn the 
gas out, and allow to cool without opening the stopcock. 
When cool, open, and filter through the special agar 
filter-paper in a hot-water funnel; the agar will pass 
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tlTrough in about tep minutes or a quarter of nn liour. 
Fill into test-tubes and sterilise. Solidify in the upright 
or oblique position as required. 

In the case of bar or stick agar, first steep the agar 
m 1 per cent. H-cefcic acid for a quarter of an hour, then 
drain and wash it so as to thoroughly remove the acid. 
The further procedure is the same as detailed above. 'I'his 
yields a very clear, pale product, and is perhaps prefer¬ 
able when an autoclave is not available. 

Glycerin agar .—Add 4 to 0 per cent, of glycerin to 
the nutrient agar after filtration and proceed as 
before. 

Glucose agar .—One or two per cent, of grape sugar 
is added to the nutrient agar after filtration. 

Litmus media .—The addition of neutral litmus to the 
various culture media is a useful method of demons¬ 
trating the production of acid or of alkali by organisms. 
To prepare the litmus solution take the lump litmus, 
powder finely, and boil with distilled water so that a 
saturated solution is obtained. Kilter, and preserve in 
•a flask stoppered with cotton-wool, after sterilising by 
boiling for half an hour on two successive days. For 
some purposes a special solution of litmus, the Kubcl- 
Tiemann solution, which can be procured ready for use, is 
employed. It must not have any antiseptic added to 
it (as is sometimes done to preserve it for use in the 
chemical laboratory). 

Sufficient of this litmus infusion is added to the 
nutrient media, after filtration, to tinge them a distinct 
purplish colour. After steaming the colour ^as usually 
disappeared, but returns as the tubes cool. 

Milk .—Use separated milk, but failing this, eentri- 
fugalise ordinary new milk, or place it in a tall cylinder 
and allow it to stand overnight in a cool place, prefer¬ 
ably in an ice safe. Then pipette off the milk from 
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the bottom, rejecting the cream. Introduce the 
separated milk into test-tubes to the depth of about an 
inch to an inch and a half and steam for one hour on 
two successive days. The milk is usually tinged with 
litmus before tubing, forming litmus milk. 

Potatoes .—Choose sound potatoes, find scrub them 
we ^ water to remove dirt. Cut off 
the ends, and with a cork-borer, slightly 
smaller than the test-tubes which are used, 
bore through the potato so that a cylin¬ 
drical piece is removed. Push this out 
of the borer, and divide it into two por¬ 
tions by a very oblique transverse cut, so 
that two wedge-shaped pieces are obtained, 
and in this manner prepare as many pieces 
as there are tubes to be filled. Place 
them in a basin under the tap, and allow 
the water to flow over them for about 
two hours. This prevents the darkening of 
the potato in the subsequent steaming. 
Hie test-tubes for the potato-wedges are 
prepared as follows : After plugging and 
sterilising in the ordinary way, introduce 
a small pledget of sterilised wool into each, 
push to the bottom, and moisten with a 

Viq. 9. _Roux's little sterilised distilled water. Drop the 

tube for potato, potato-wedges into the tubes, plug, and 
sterilise by steaming for three-quarters of 
an hour on two successive days (Fig. 8, b). The object 
of the moist wool is to prevent drying, and for the 
same purpose Roux’s tubes (Fig. 9) may be used, the 
lower bulb being filled with water. 

Blood-serum .—Clean some glass jars of about 2 to 
3 litres capacity, plug with wool, and sterilise in the 
steamer for an hour on three successive days. Bleed 
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a horse, with aseptic precautions, and catch the blood 
in these sterilised jars. Allow tlie jars to stand in a 
cool placo for twelve hours. Then pipette off the clear 
serum with a sterile pipette, and fill the sterilised test- 
tubes to “the depth of 2-4 cm. The tubes are then 
arranged in a Moping position on the shelves of the 
serum insp/ssator, or failing this in a Jiot-water oven, 
the temperature of which should bo about o«° C. At 
this temperature they remain for thirty hours; it is 
then raised to 65° C., at which temperature the serum 
coagulates in from four to six hours and the tubes are 
now ready for use. It is well, however, to place them 
in the blood-heat incubator for a night, so that any 
contaminating bacteria may form colonies, and tbe 
contaminated tubes may then be rejected. 

Loeffler’s blood-serum is prepared by adding one part 
of glucose broth to three parts of the serum before 
inspissation. 

The serum inspissator is practically an incubator 
(see p. 68) with slightly inclined (IO -lo°) shelves, on 
which the tubes rest, and thus the serum is coagulated 
in a sloping position. 

Fluid serum, etc .—Fluid blood-sermn, ascitic and 
hydrocele fluids, etc., are sometimes useful, and may be 
used alone or mixed with peptone beef-broth in various 
proportions. 

Ascitic or hydrocele fluid may be obtained by using 
sterile trocars, etc., and carrying out tbe tapping with 
aseptic precautions, collecting the fluid in sterilised 
flasks. It is better to collect in several pmall flasks 
than in one large one. 

Fluid blood-serum may be obtained by collecting 
blood with aseptic precautions in sterilised flasks. 
Wken the blood has coagulated and the serum 
separated, the serum is pipetted off with a sterile 
pipette into sterile flasks. 
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The flasks of serum, etc., should he kept in a warm 
place for two or three days to make sure* that they 
are sterile, those in which a growth appears being 
rejected. 

Serum, ascitic fluid, etc., may also be obtained sterile 
by filtering through a sterilised Ber&efeld filter into 
sterile flasks. 

Serum, ascitic aud hydrocele fluids, etc., may be pre¬ 
served in bulk and used »s required. The material is 
collected as asuptically as possible, 5 per cent, of 
chloroform is added, aud the whole is well mixed and 
kept in a cool place in the dark in a well-stoppered 
bottle. Subsequently, during the process of sterilisation, 
the chloroform is volatilised. 

Serum agar (Kanthack and Stevens).—Ascitic, 
pleuritic, or hydrocele fluid is collected in clean (not 
necessarily sterilised) flusks, aud allowed to stand over¬ 
night in a cool place to allow the sediment or blood 
to deposit. The clear fluid is then poured off, aud to 
each litro enough of a 10 per cent, caustic potash solu¬ 
tion is added to render it very distinctly alkaline— 
usually about 2 c.c. to every 100 c.c. of the fluid. Thu 
alkaline fluid is heated in the autoclave for two to four 
hours. To this fluid I Tito 2 per cunt, of agar is added, 
aud the mixture is heated until the agar dissolves. It 
is then Altered, introduced into test-tubes, sterilised, 
and solidified in the ordinary way. The addition of 
5 per cent, of glycerin and 1 per cent, of glucose is an 
advantage. 

Serum agar may also be prepared by adding sterile 
serum or hydrocele or ascitic fluid, warmed to 45° C., 
to sterile nutrient agar (2 to 3 per cent, agar) melted 
and cooled to 45° C. Equal parts of the serum and 
agar may be mixed, or 1 part of serum to 2 parts of 
agar. 
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Mood agar, Ihis may be prepared l>y smearing the 
surface of •the agar in sloping agar-tubes with blood 
obtained aseptically from the finger or from a rabbit. 
Or blood obtained aseptically may be defibrinuted by 
shaking With glass beads or with a coil of fine wire, 
and the defibrinAed blood, warmed to 4-Y' C., is added 
to sterile agar liquefied by boiling and cooled to 4o° C. 
Haemoglobin agar may be prepared by hiking detibri- 
nated blood by the addition of sterile distilled wafer 
and adding to the liquid agar as before. Blood agar 
uannot be sterilised after preparation, and the blood 
therefore must be sterile. 

Alkali albumen (Lorrain-Smilh).—To 100 e.e. of 
fresh serum add 1 to To c.c. of a 10 per cunt, caustic 
soda solution ; mix and introduce into test-tubes in the 
ordinary way. Place the test-tubes in the slanting 
position in the autoclave at I lo° C. for twenty minutes, 
or in the steamer on three successive days. 

Egg cultures (Hueppe).—These are very useful for 
some purposes. A hen’s egg is taken and one end 
sterilised by washing with carbonate of soda solution, 
rinsing in sterile water, soaking in 1— oUO corrosive 
sublimate solution, and washing in alcohol and in ether. 
A small hole is then chipped in the shell with a sterile 
needle and the inoculation made through this. The 
hole is afterwards closed with a little sterilised wool 
and collodion. 


UHchinttky’* Fluid. 
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Uscliinsky's fluid is a solution of known composition 
witht/ufc protein which can be used for investigating the 
chemical products of bacteria. Pathogenic organisms grow 
well in it and produce their toxins. 

Pasteur's fluid is a good culture medium for yeasts, etc. 1 

Standard Nutrient Media. 

Slight variations in the composition of the nutrient 
media have a marked influence upon the characters of 
the growths of micro-organisms developing upon them. 
In order to obtain more uniformity for descriptive 
purposes, etc., a committeo of the American Public 
Health Association drew up a scheme for the prepara¬ 
tion of nutrient media of approximately constant 
composition and reaction. Eyre® has devoted consider¬ 
able attention to this subject, and the following 
descriptions are based largely upon his papers. 

(1) Preparation of acid beef-broth .—1000 c.c. of 
distilled water are introduced into a large flask, 500 
grin, of finely minced fresh lean beef added, and the 
mixture is heated in a waier-bath at 40°—45° C. for 
twenty minutes with frequent agitation. It is then 
boiled for ten minutes, strained, and filtered through 
paper. To the filtrate sufficient distilled water is added 
to make up to 1000 c.c. 

(2) Standardisation .—This may be most simply de¬ 
scribed in the case of acid broth. A 100 c.c. 
Erlenmeyer flask is rinsed out with boiling distilled 
wator, 25 c.c. of the acid beef-broth are introduced into 
it, and 0 5 c.c. of phenolphthalein solution is added (0 - 5 
per cent, phenolphthalein in 50 per cent, alcohol). 
This is kept boiling and decinormal caustic soda 

1 Several formula for synthesised media will be found in the 
Journal of Experimental Medicine, vol. iii, p. 600. 

* Brit. Med. Journ , 1900, vol. ii, p. 921 s 1901. vfil. ii. i*. 7H8 
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solution 1 is run in from 25 c.c. burette, divided into 
tenths, until a faint pink tinge appears in the boiling 
fluid. From the amount of soda solution used the 
amount of normal or deka-normal soda solution required 
to neutralise a given volume of the acid beef-broth 
(e. g. a litre) can i>e calculated, and this amount is thou 
added. Although neutral to plienolplithalein, the 
medium is now strongly alkaline to litmus — too 
alkaline for the optimum growth of most organisms. 
The reason for this is that the di-sodium hydrogen 
phosphate (Na 3 HP0 4 ) present in the medium is alkalino 
to litmus but neutral to phenolphthalcin. To reduce 
the alkalinity (to litmus) normal hydrochloric acid 
is then added. The American Committee recommended 
an acidity of + 1‘5—that is, to every 100 c.c. of the 
medium neutral to phenolphthalein l'5 c.c. of the 
normal hydrochloric acid are added. Eyre advises a 
reaction of -f 10 (/. e. 1 c.c. of normal hydrochloric to 
every 100 c.c.), while Chester considers that the acidity 
should not exceed + 05. Whatever the reaction 
adopted, it should be stated. Similarly, if a medium 
is used which is alkaline to phenolphthalein, this 
is expressed by the minus sign; e. y. a reaction of 
—1’5 indicates that to every 100 c.c. T5 c.c. of normal 
hydrochloric acid must be added to render it neutral to 
phenolphthalein, or, what is almost (but not quite) the 
same thing, that to the neutral medium 1'5 c.c. of 
normal caustic soda solution have been added to every 
100 c.c. Various methods are adopted to obtain the 

' Bya "normal" solution is meant the equivalent vcighUn grammes 
of a substance dissolved in (*. e. made up to) a litre of water; a"deci- 
normal ” solution contains one tenth of, a deka-normal ten times, this 
amount. A normal solution of caustic soda contains 40 grm. of pure 
NaOH (NaOH — 40), of sulphuric acid 40 grm. of pure H,SO, 

(^-49). per litre. 

to 

O 
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final reaction; the American Committee recommend 
first neutralising and then adding sufficient acid (or 
alkali); Eyre, having calculated the acidity, adds only 
sufficient alkali to reduce the reaction to the required 
point. Eyre describes the reaction as that represented by 
the number of c.c.’s of normal alkali onacid per litre, e. g. 
+ 10 on Eyre's scale is equivalent to the American + 1‘0. 
In making nutrient broth, agar and gelatin, the salt 
and peptone and agar or gelatin are added and 
dissolved, and the titration and neutralisation are 
carried out as described, on the fluid medium itself, and 
after neutralisation the whole is heated over a water- 
bath for half an hour before filtration. 


The Cultivation and Isolation of Micro-organisms. 

It should be clearly understood that micro-organisms 
cannot usually be identified by their microscopical 
characters alone. We can state from a microscopical 
examination the form of an organism, that it is a 
bacillus or a micrococcus, or a sarcina, its size, that it 
is motile or non-motile, sporing or non-sporing, but we 
cannot as a rule go beyond this. It is necessary in 
most cases to ascertain the characters of the growths of 
organisms on the various culture media before species 
can be identified, and this is the principal reason for 
having a varied assortment of nutrient soils. It 
is likewise necessary for the successful cultivation 
of pathogenic organisms, i. e. those connected with 
disease processes and developing in or upon the bodies 
of man and of animals, to maintain the cultures at 
a temperature approximating to that of the host. For 
this purpose some form of incubator is required. This 
consists of a box or chamber of copper or iron with 
doable walls (Fig. 10), the space between which is filled 



Incubators 


67 


with water, the outside being covered with wood or 
felt, or some other non-conductor. The water between 
the wall is heated by means of a small burner, the gas 
supply for which passes through some form of regulator 
inserted itf the water, so that the temperature, indicated 
by a thermometer inserted through a hole in the top, 
can be kept constant. The regulator is usually a 
mercurial one, such as Page’s or Heichert’s, tho 
principle of its action being that ns flic temperature 
rises the mercury expands and at a certain point cuts 
off the greater part of the gas supply, only sufficient 
gas then passing to keep the fiame of the burner alight. 
This point can be varied either by a sliding tube, 
in Page’s, or by a screw, in Hcichert's, so that the 
temperature may bo set at any desired point. In 
Hearson’s incubator, which is one of the best forms, tho 
regulator consists of a capsule containing a fluid of 
a certain boiling point, which when ebullition takes 
place raises a lever and so partially cuts off the gas 
supply. While the Hearson regulator is a very 
constant one, it has the disadvantage that it can only 
be used for a range of temperature of a few degrees 
unless the capsule be changed. At least one incubator 
is required, and it is convenient to have two or three. 
If there be only one the regulator should be set for a 
temperature of 37° C. ; if more, another should bo kept 
at about 20° C. The incubator at 37° C. is termed the 
warm or blood-heat, and that at 20° C. tho cool or room 
temperature one. A warm room or cupboard will 
serve most of the purposes of the cool incubator. 
A third incubator set for 42° 0. is useful for water 
examination, and a fourth at 25° C. for fermentation 
work. 

A substitute for the large and expensive incubator 
can readily be devised. An ordinary chemical hot- 
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water oven may be employed, or simply a smaller tin 
set in a somewhat larger one, the interspace %eing filled 
with water; and, with a little scheming, regulators can 
be dispensed with by making use of a small gas or 



Fio. 10.—HoarSon’s incubator. 


lamp flame, varying its size and distance from the 
bottom until the right temperature has been attained. 
Gas is a great convenience, but if not available, 
regulating oil lamps can be obtained to take its 
place. Electricity has also been adapted for heating 
incubators. 
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Gelatin will remain solid only at temperatures below 
24° C., and cannot therefore be placed in the blood- 
heat incubator .without becoming for practical purposes 
a fluid medium. Agar, however—and this is one of 
its most valuable properties—does not liquefy below a 
temperature of &1°— 99° C., though when once liquefied 
it does not set again until the temperature has fallen 
to about 45° C. Gelatin is therefore usually reserved 
for use at low temperatures, while agar, blood-serum, 
potato, and the fluid media can be used indifferently 
either at low or at high temperatures. Agar is often 
a better cultivating medium than gelatin, oven at low 
temperatures, probably because it is so much moister. 
The growths in fluid media aro usually of the nature 
of a general turbidity and are not particularly charac¬ 
teristic, but sometimes an organism produces a film on 
the surface which another similar organism does not, 
or the medium remains clear, the growth forming a 
fiocculent deposit, thus affording a distinction. Not 
only do the characters of the growths of organisms on 
media differ more or less, but in sorno instances 
chemical changes occur in the media which afford 
valuable information in the differentiation of specios. 
Thus many organisms exert a peptonising effect on 
gelatin, and render it fluid sooner or later, while others 
have no such action. Milk is coagulated by some 
organisms, the coagulation being brought about in one 
of two ways, either by the production of acids and 
precipitation of the caseinogen, or by the action of a 
rennet-like'ferment with the formation of* a clot of 
casein. Most organisms which liquefy gelatin coagu¬ 
late milk, but the converse is not the case. Agar is 
carbohydrate, not albuminoid, in nature, and only two or 
three organisms are known which liquefy it. In fluid 
media, such as broth and peptone water, chemical tests 
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can be applied, especially for indole, which is formed 
by some organisms but not by others. *“ 

Method of inoculating tubes .—The following is the 
procedure by which sub-cultures are prepared from an 
original test-tube or other culture : TulJes of the 
culture media selected are placed in*a test-tube rack. 
Their mouths are then singed by holding in the Bunsen 
flame for a few seconds, and with a forceps, also steri¬ 
lised by heating in the flame, the wool pings are 
loosened by a rotatory motioh, and then partially 
withdrawn. The mouth of the original culture-tube 
is similarly singed and its plug partially withdrawn. A 
platinum needle is selected and carefully straightened. 
The original tube is then taken in the left hand be¬ 
tween the thumb and index finger with the palm 
upwards, and is held obliquely, the mouth of the tube 
pointing to the right, a tube of sterile medium being 
held side by side with the original culture in an exactly 
similar manner. The wire of the platinum needle is 
then heated to redness by holding nearly vertically in 
the flame, and the lower part of the handle is also 
carefully heated. Holding the sterilised needle between 
the finger and thumb of the right hand, the plug of 
the original culture is now withdrawn by grasping 
between the ring and little fingers of the right hand, 
and is held there while the platinum needle is carefully 
introduced into the tube without touching the mouth 
or sides, and a trace of the growth is picked up with 
it, preferably from the margin. To ensure that the 
needle isscool, it may first be touched on the medium 
where there is no growth. The needle is quickly with¬ 
drawn without touching the sides of the tube and the 
plug at once replaced. The plug of the sterile tube is 
now withdrawn in the same manner, and the inoculated 
needle introduced. . If a typical surface culture is 
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desired, a single light streak is made with the needle 
from the bottom to the top of the medium without 
penetrating the surface; if an abundant growth be 
required for any purpose the whole surface of the 
medium nfay be rubbed with the needle; if a stab 
culture, the needle is plunged steadily into the centre 
of the medium and withdrawn; if a fluid one, the 
growth removed is rubbed up on the side of the tube 
at the margin of tho fluid, and the emulsion washed 
down by tilting the tube. Tho inoculation having been 
completed, the plug is quickly replaced, and the needle 
is again heated in the flame to destroy the remains of 
the growth upon it. If the original culture is in a 
deep stab, or a fluid medium, a looped platinum needle 
may sometimes be used with advantage. The inocula¬ 
tions completed, the mouths of tho tubes are singed 
and the wool plugs pushed in level with the lip. 
Before replacing tho plugs each may, if desirod, for 
greater safety, be taken with the forceps, hold in the 
flame for a second or two, and pushed while burning 
into the tube, and this procedure must always be 
adopted if tho plug be dropped or brush against any¬ 
thing. If the tubes have to bo kept for any length of 
time, especially in the blood-heat incubator, each 
should be capped with a rubber cap, tinfoil, or gutta¬ 
percha tissue which has been soaked in 1—500 corrosive 
sublimate solution. 

Anaerobic cultures .—Many organisms refuse to grow 
in the presence of free oxygen, and various expedients 
have to be adopted to Exclude or remove it. TJie simplest 
of all is to make the cultivation in a deep stab in 
glucose agar or gelatin. Narrow test-tubes filled three 
parts full with the medium are best, and immediately 
before the inoculation they should be placed upright 
in a beaker of water, boiled for five minutes, and then 
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cooled and aolidiBed in cold water. The object of thia 
is to soften the medium so that it does sot split, as 
a dry medium will, when the needle is plunged into it ; 
moreover, the needle track closes up more readily, and 
the dissolved oxygen is expelled. The tithes being 
cool, the inoculation is made with & long thin wire, 
either straight or with a closed loop at the end. It is 
inoculated and plunged steadily into the centre of 
the medium, nearly to the bottom, rotated, and then 
withdrawn, and the wool plug is replaced and singed. 
The tube is then carefully heated at the upper border 
of the medium so as to melt this slightly and seal the 
punoture, and a well-fitting rubber cap is applied while 
the tube is lwt. The heating expels a portion of the 
air, and, with a well-fitting cap, creates a negative 
pressure within the tube, so that the residual oxygen 
is not so readily absorbed, or the tubes may be placed 
in a Buchner apparatus (see below). The tubes arc 
placed in the incubator at a suitable temperature, and 
it will be found that the most strictly anaerobic organ¬ 
isms can be cultivated in this way. 

When, however, an organism is required to grow 
anaerobically on the surface of the medium, or in a 
fluid medium, some other method must be adopted. 
The tubes may be placed under the receiver of an air- 
pump and exhausted as completely as possible. This 
is not very convenient, for it is difficult without great 
oare to maintain a vacuum, and special receivers must be 
used when the cultures have to be incubated at blood- 
heat, whil$ with fluid media ebullition causes consider¬ 
able difficulty. 

For fluid cultu res Hamilton’s method is the simplest 
of all. The fluid in the tubes is covered with a layer 
of olive oil 1—2 cm. thick, and the tubes are then 
sterilised. The layer of oil prevents the access and 
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entrance of oxygen. The only disadvantage is that the 
inoculation,«or the withdrawn! of culture, must usually 
be performed with a sterile glass pipette; if a wire 
needle be used the material is very liable to be detached 
in the oil. 

Another methofl ( B.ucluier’sl is that usually adopted, 
and consists in absorbing the oxygen 
by nieans of alkali and pyrogallio acid, 
and so cultivating in an atmosphere of 
nitrogen. This can be carried out in 
two ways—either in a wide-inoutlied 
bottle with well-fitting glass stopper, 
sufficiently large to contain the test- 
tubes, or in a Buchner’s tube. For 
the first the inoculated culture tubes 
are placed in the bottle, into which a 
few cubic centimetres of a strong aque¬ 
ous solution of pyrogallic acid ha ve pre¬ 
viously been poured. By means of a 
thistle funnel, an equal volume of 20 
per cent, caustic potash 1 or soda solution 
is then added. As quickly as possible 
the thistle funnel is withdrawn without 
mixing the solutions, and the stopper, 
well vaselined, inserted and twisted well p„,.j \ .—Buchner's 

home, and some melted paraffin may be tu,MJ "ganged for 
. .... , , , anaerobic cultiva- 

poured all round the joint and melted tion. 

in with a hot iron. The solutions in 

the bottle are now well mixed, and the whole is placed 

in a suitable incubator. The Buchner’s tube»(Fig. 11) 

1 Thirty-two gnu. of pyrogallic acid and 64 grin, of caustic potash 
dissolved in 100 c.c. of water will absorb 0200 c.c. of oxygen. At the 
same time some carbon monoxide is evolved (122 .5 cc.) The evolu¬ 
tion of CO is a minimum when the potash is in excess and only one 
fifth of the theoretical absorbable amount of O is absorbed. 





74 


Manual of Bacteriology 


% 


is convenient for single test-tube cultures. It consists of 
a strong glass test-tube, large enough Ho take an 
ordinary test-tube, and having a constriction about an 
inch and a half from the bottom. The constriction 
supports the test-tube culture, while the "mixture of 
pyrogallic acid and caustic potaslx fills the portion 

below the constriction. A well¬ 
fitting rubber cork closes the 
mouth of the tube, and the joint 
I fr — may be paraffined for additional 

WmUt security. If a Buchner’s tube is 

II 4I[ not available, the cotton-wool plug 

of the culture tube may be pushed 
into the tube for an inch, some solid 
pyrogallol is placed on the wool 
plug, this is just moistened with 
caustic potash solution and the tube 
is stoppered with a rubber cork. 

The displacement of the atmo¬ 
sphere by means of hydrogen may 
be adopted, and is to be preferred 
for fluid cultures. Hydrogen does 
not seem to inhibit the growth of 
any anaerobic organisms, whereas 
gas, which might 
be still more conveniently used has 
a very decided inhibitory action on some species. The 
hydrogen is best generated from zinc and sulphuric acid 
in a Kipp apparatus, or the compressed gas in cylinders, 
or even ooal-gas, may be used. Care must be taken that 
all joints are tight, and they may be paraffined with 
advantage. The gas should be passed through a 
strong solution of caustic potash, and may be passed 
through some alkaline pyrogallic acid if the most 
rigorous condition of anaerobiosis is desired, but for 


Fio. 12.—Friinkel’a tube , 
for anaerobic cultivation, carbon dioxide 
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ordinary purposes this is not essoutiai; it should also 
pass througff two or three fairly firm plug’s of cotton* 
wool to remove organisms; these must be dry, for if 
moist the passage of the gas may be stopped. 

For tube cultures Frunkel’s method' may be adopted 
(Fig. 12). The ffrotli or gelatin is introduced into a 
large strong test-tube, the mouth of which is plugged 
with a rubber cork pierced with two holes. 'I'll rough 
these holes two pieces of glass tubing pass, one to tho 
bottom of the tube, the other just through the cork. 
Outside the cork these tubes are bent over at right 
angles, and each is drawn slightly out so as to contract 
its lumen at about the middle. The long tube is con¬ 
nected with the hydrogen supply, and a current of the 
gas is passed through and escapes by the shorter tube. 
After the gas has been passing for twenty minutes to 
half an hour, and all oxygen has hetni exj tailed, tho 
distal, i. e. shorter, tube is sealed off at the contracted 
portion in the Bunsen or blowpipe flame, and then the 
proximal or longer one in the same manner. ’1 lio 
rubber cork must, of course, tit well, and the joints 
should be paraffined. If gelatin be the medium, it 
must be kept fluid in a bath of warm water while the 
hydrogen is passing. 

For broth or fluid cultures, which are essential for 
obtaining toxic products, flasks are used which are 
fitted with an india-rubber cork pierced with two holes. 
Through the holes two pieces of glass tubing pass, one 
to the bottom of the flask, the other just through the 
cork, as in the Frankel tube described above, fl'ho ends 
of these tubes are plugged with cotton-wool, and the 
whole—flask, cork, tubes and medium—is sterilised. 
The medium is inoculated from a recent culture by 
momentarily removing the cork. Hydrogen is then 
passed through front a Kipp apparatus, the long tube 
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being connected with the hydrogen supply. After 
passing for about half an hour, the tubes tfre sealed off 
and the flask is incubated. For convenience of sealing 
the tubes should be drawn out slightly. 

As many organisms produce gas during their growth, 
it may be necessary to provide for* its escape, or the 

flasks may burst owing to 
the pressure. This can be 
done by adjusting a mercury 
valve, and may be carried 
out in a simple manner by 
a method devised by the 
writer. “ Yeast flasks,” 
which can be obtained in 
various sizes, are made use 
of, and are filled three 
parts full with a 2 per 
cent, grape-sugar bouillon. 
The neck is corked with 
a perforated rubber cork 
(a, Fig. 13), through which 
a glass tube, B, passes to 
the bottom of the flask, 
projecting two inches above 
the rubber cork and here 
plugged with cotton-wool. 
The lateral tube of the yeast 
flask is also plugged with 
cotton-wool, care being taken 
that the plugs are loose 
pass freely. The whole is 
The glass tube, b, which 
passes through the rubber cork, is then connected with 
a Kipp or other hydrogen-generating apparatus by 
means of a rubber tube, and a current of hydrogen is 



Fig. 13. —Yeast flask arranged 
for anaerobic cultivation. 


enough to allow air to 
sterilised and inoculated. 
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palsed through the flask. The hydrogen hubbies 
through the,bouillon and escapes by the lateral tube. 
After the gas has been passing for half an hour a 
small tube containing mercury, c, is applied to the end 
of the lateral branch, so that the open end just dips 
below the surface «f the mercury, and the tube n, which 
passes through the rubber cork, is sealed off in the 
blowpipe flame, care being taken that all the air has 
been expelled from the flask by a free current of 
hydrogen. The flask, with the capsule of mercury 
applied to the end of the lateral branch, can then bo 
placed in the incubator. The mercury thus forms a 
valve through which air cannot enter, while gases 
formed by the growth of the organism have free exit. 

For large flasks, the lateral tube may be just bent 
down and a little capsule of mercury hung on. 

The addition of 4 to 1 per cent, of sodium formate 
to the culture media much simplifies anaerobic, cultiva¬ 
tion ; the tetanus bacillus, for example, can be grown 
in formate broth in a stoppered bottle without any 
elaborate precaution for excluding the last traces of 
air. The sodium formate should be added immediately 
before the last sterilisation, not previously, or decom¬ 
position may occur. Sodium sulphindigotate (O'U per 
cent.) may be similarly used. 

With such a broth. Dean’s bottle may bo used for 
anaerobic cultivation. This consists of a bottle around 
the neck of which a gutter for mercury is formed. A 
loose glass cap fits over the mouth of the bottle, and 
its edge dips into the mercury in the gutter, thus 
sealing the bottle. 

Plate cultivations .—The method of plate culture is 
one of the most important in bacteriology. It is used 
for three purposes : (1) for obtaining pure cultivations, 
i. e. cultures containing a single species, from a mixture 
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of organisms; (2) for the enumeration of organises; 
and (3) for ascertaining the characters of* the colonies 
of organisms as an aid in the identification of species. 

Before the introduction of plate cultivations pure 
cultures of organisms could only be obtained by chance, 
or by the dilution method, which war. also by no means 
certain. The dilution method consisted in estimating 
approximately the number of organisms in a given 
volume of fluid by means of an instrument on the same 
principle as the hfflmatocytometer. The fluid is then 
diluted by the addition of some sterile fluid so that a 
given volume of the dilution contains a single organism 
only, assuming the organisms to be evenly distributed 
throughout the fluid. By transferring this volume to 
tubes of sterile media pure cultivations can in some 
cases be obtained, a single organism having been sown 
in a tube. 

It is obvious, however, that this method is at best an 
uncertain one, but the plate-culture method to a large 
extent obviates this uncertainty. It depends upon the 
following principles: Gelatin and agar media, when 
melted, remain fluid down to 25° and 45° 0. re¬ 
spectively, temperatures which will not affect the 
vitality even of delicate organisms. By inoculating 
the fluid gelatin or agar, thoroughly mixing, and then 
pouring on to a level sterilised surface, so that the 
medium solidifies in a thin film (“plating”), the 
organisms, wherever they may be situated, are fixed 
and are unable to wander, and, being in a good nutrient 
soil, grow and multiply and ultimately form visible 
growths or colonies. Many of these colonies will have 
arisen from a single organism; the growth, therefore, 
is “ pure,” i. e. consists of a single species, and pure 
oultures can be obtained by inoculating tubes of sterile 
media from them. 
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When suitable, sterile nutrient gelatin is usually 
employed fog the preparation of plate cultivations, as 
it is more easily manipulated than agar. Three tubes 
of sterile nutrient gelatin are melted at a low tempera¬ 
ture in a beaker of water (gelatin melts at 21° C. ; the 
temperature shouW. not exceed about 4f>° C.) The 
tubes may be termed respectively 1, 2, and d. Tube 
No. 1 is inoculated, by means of a platinum needle, 
with a trace of the growth from which pure cultivations 
are desired. The trace of growth is thoroughly mixed 
up and distributed throughout the melted gelatin. Tf 
this mixture be “plated,” so many organisms may be 
present in the film that 
the colonies which develop 
will not be separate, but 
will form a confluent growth. 

To obviate this difficulty a 
second and a third dilution 
are prepared. The second 
dilution is made by inocu- Fin. It. -Petri diRh for ]>latp 
lating the tube of melted cultivation. 

gelatin No. 2 with one 

platinum loopful from tube No. 1, ami thoroughly mix¬ 
ing up; and to be cjuite sure that the resulting 
colonies will be isolated from one another, a third dilu¬ 
tion is prepared in the same manner by inoculating the 
tube of melted gelatin No. 3 with two to four platinum 
loopfuls from tube No. 2. The organisms having been 
distributed throughout the gelatin by rolling and gentle 
shaking, the wool plug is in each case withdrawn 
from the mouth of the tube, the mouth of the tube 
is sterilised in the Bunsen burner to prevent contamina¬ 
tion, then cooled for a few seconds, and finally the melted 
gelatin is poured on to a level sterile glass surface. For¬ 
merly plates of glass were used (hencethe name); but now 
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shallow glass dishes with lids, about three or four indhes 
in diameter, known as Petri dishes (Fig. 14), are 
almost always employed. They are previously sterilised 
in the hot-air steriliser in suitable iron or copper boxes 
holding a dozen or so; the melted gelatin having been 
poured in, the dish is tilted to diffuse the gelatin over 
the bottom of the dish, placed on a level surface for 
the gelatin to set, and then stored in the cool incubator. 
The plates are examined daily, with a. hand lens if 
necessary, or with a low power of the microscope, the 
dish being turned bottom upwards on the stage of the 
microscope for this purpose. When the colonies have 
developed, inoculations can be made from them by 
means of a platinum needle on to tubes of sterile media. 
The colonies, having arisen from single organisms, are 
pure, and the resulting sub-cultures are therefore also 
pure (it sometimes happens that the colonies are mixed 
owing to two or more organisms being close together). 
Different species of organisms usually form colonies 
having different appearances, so that the colonies are 
an aid in diagnosis and enable the various species to be 
picked out from a mixture. The colonies in gelatin 
are as a rule much more distinctive than those in agar. 
Whereas the plate cultivation prepared from tube No. 1 
is generally too crowded, plates 2 or 3, or both, can be 
made use of, and it is apparent that, to make certain 
of isolating all the organisms from a mixture, several 
■sets of plates should be prepared. Flat bottles (Fig. 15) 
may likewise be used for plate culturing, and are also 
very useful for growing organisms in bulk for the exami¬ 
nation of the constituents and actions of the bacterial cells. 

In addition to the isolation of species from mixtures 
and for diagnosis, plate cultures are also used to 
enumerate organisms. Assuming that every colony 
arises from a single organism, whioh is approximately 
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tlie case, the number of colonies represents the number 
of organisms originally introduced into the gelatin, and 
if a known weight or volume of the material inoculated 
bo used, tho number of organisms in it can hi* calcu¬ 
lated. Fof example, in the bacteriological examination 
of water a measured volume of the water is added to 
melted gelatin by means of a sterilised pipette, and by 
counting the resulting colonies the number of organisms 
originally present in 1 e.c. of the water can be estimated. 

Agar plate cultures may be prepared in a similar 
way. The agar must, however, be brought to 
peratureof nearly boiling before it melts; 
it is then allowed to eool to nearly -to 
and the tubes are inoculated in the same 
manner as for a gelatin plate cult lire 
described above. Unless the manipula¬ 
tions he carried out expeditiously the 
agar will solidify, or the agar film in 
the l*otri dish be lumpy. 

Agar plates should usually las inverted 
during incubation, or the growth may 
become confluent owing to the condensa¬ 
tion water carrying the organisms all 
over the film. 
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The plate-culture method can be modi- lmUli-u. 
fled to suit particular circumstances : for 
example, the melted gelatin or agar, iiuiuoeuhitcd, may 
bo poured into the dishes and allowed to solidify, and 
the film then inoculated by streaking or painting with 
the material, or by pouring a few drops of broth con¬ 
taining the organisms upon it. This is practically the 
only way in which blood-serum can be used, the sterile 
blood-serum being placed in the Petri dish, solidified 
in the inspissator in the same manner as for blood- 
seruin tubes, and the coagulated film inoculated. • 

6 
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For many purposes plates are unnecessary, the same 
result being obtained by rubbing over th& surface of 
two or three tubes of sloping agar or gelatin succes¬ 
sively the once charged needle, straight or looped. In 
the second or third tubes isolated colonies generally 
develop. ° 

The plate-culture method often fails if the organism 
to be isolated forms but a small minority of the total 
organisms present in the mixture ; the only alternative 
then is to multiply the number of plates, which, how¬ 
ever, may entail great labour in their examination.. 

Single-call cultures .—With large cells, such as yeasts, 
it is not difficult to obtain growths from single cells by 
making miniature plate cultures on ruled cover-glasses, 
examining microscopically, and ascertaining the places 
in the film where single cells are located (see Chapter 
XVI). But with the minute bacterial cells this method is 
inapplicable. By the use of Burri’s Indian ink method, 1 
however, single-cell cultures of bacteria can be obtained. 
Fluid Indian ink is diluted with 6—10 volumes of dis¬ 
tilled water and the mixture is sterilised in the auto¬ 
clave. Several loopfuls of this are deposited in series 
on a sterile slide. The first drop is inoculated with 
the culture which is being investigated, the second drop 
is inoculated from the first, the third from the second, 
and so on. A fine mapping-pen, sterilised in the flame, 
is then dipped into the third, fourth, or fifth drops, and 
the trace of Indian ink mixture so picked up is depo¬ 
sited on a gelatin or agar plate. The droplet is covered 
with a sterilised cover-glass and is examined with a £ 
in. or £ in. objective, with a high eyepiece. An orga¬ 
nism shows up white on a black background. Many 
drops are deposited on the plate and examined, and 

1 Dai Tutchverfahren (G. Fiacher, 1BOO). Gunther Wagner’s ink 
(Hanover) is recommended and is supplied by Gr&bler. 
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those in which only a single organism can be found are 
noted and tli# plate is then incubated so that colonies 
may form, from which sub-cultures may be prepared, 

Esmarch's roll cultures .—Another modification of 
the plate-culture method is known as Ksinurcli’s roll 
culture. For this purpose large test-tubes (“ boiling 
tubes”), at least an inch in diameter and six inches 
long, are sterilised and plugged with cotton-wool. The 
sterile melted gelatin, about 10 c.c., is poured in and 
inoculated, the wool plug replaced, and the tube held 
in the horizontal position and rotated under a stream of 
cold water, or in warm weather on a block of ice, until 
the gelatin has set. in this way the gelatin forms a 
thin film over the inside of the tube, but a little 
practice is required to get it evenly distributed. The 
colonies then develop in the film of gelatin,, which is 
quite analogous to a film in a Petri dish. 

Anaerobic ‘plate cultivations are sometimes required. 
The plate culture after preparation as described above, 
using a deep Petri dish, is inverted, and some ulkaliuo 
pyrogallol is placed in the lid; this absorbs the oxygen 
within the dish. The preparation must be kept under 
observation for the next hour or so, and more alkaline 
pyrogallol is added from time to time to compensate for 
the rise of fluid within the dish until absorption of the 
oxygen from the contained air is complete. 

In Botkin’s method a bell-jar standing in a glass 
dish is made use of. The Petri dishes are placed on 
a support within the bell-jar, and mercury or oil is 
poured into the glass dish. By means of a piece of 
bent glass tubing a stream of hydrogen is passed into 
the bell-jar under its rim so as to displace the air, 
which bubbles out through the oil or mercury. When 
the air has been entirely displaced the glass tube 
is removed, the bell-jar weighted, and the whole placed 
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in the incubator. Bulloch’s apparatus is somewhat 
similar to this. Wide-mouthed jars wibl? well-ground 
glass lids, which are luted down, are very convenient, the 
oxygon being absorbed with alkaline pyrogallol placed at 
the bottom, and the Petri dishes stacked on a glass 
capsule or other support to raise tlfem above the fluid. 

The Esmarch roll cultures can be 
i adapted for anaerobic plate cultures. 
f The wool plug is replaced by a rubber 
cork with two holes, through which inlet 
and outlet glass tubespass, as in Frankel’s 
anaerobic tubes (Fig. 15). The roll 
culture having been prepared, and the 
film haviug set, hydrogen is passed in 
and the tubes are sealed off, or, better 
still, the hydrogen is allowed to bubble 
through the inoculated melted gelatin, 
the test-tube meanwhile being kept in 
a little warm water to prevent the gelatin 
from solidifying, the tubes are sealed off, 
and the roll culture is then prepared. 

For the detection of fermentation 
and gas production, stab cultures in 
. glucose agar or shake cultures in gela¬ 
tin may be employed. For the latter 
a tube of gelatin 1 is melted at a «low 
, temperature, inoculated with the orga- 
fermentation tube, nism, and allowed to solidify in the 
uprightposition ; the organism is thereby 
distributed throughout the medium. Fermentation with 
gas production is indicated by the presence of gas bub¬ 
bles, or even by the disruption of the medium. Durham’s 
fermentation tubes are very convenient for showing 

1 Lemoo gelatin frequently gives no gas; a meat-broth gelatin 
should therefore be used for gelatin shake cultures. 
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fermentation. . These are test-tubes containing suitabn V ' 
fluid media (40 c.e. each) into which small glass tubes 
closed at the upper end are placed ; the latter become 
filled during the sterilisation. The tubes are inoculated 
and iucnbat&d, and if fermentation occurs the little tube 
becomes filled witlP gas (Fig. 16). Kinhorn's sncclmri- 
meter may also be used (Fig. 17). The tube is tilled 
with the medium, sterilised, inoculated, and incubated. 



Kin. 17.— Kinhorn’s siu-clmrimoter. 


Any gas produced collects in the closed limb of the 
tube. When the amount of gas ceases to increase, a 
little strong caustjc potash solution may be added; 
this absorbs the CO n , the residue probably being 
hydrogen, and tlnis the H : CO* ratio may be deter¬ 
mined. The most suitable media for fermentation are 
peptone broth, the acid beef-broth for which has been 
treated with the colon bacillus (see p. 27), 1-2 per 
cent, peptone water, or a medium which has been 
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. li’gely used by Houston, Gordon, and others, consist¬ 
ing of a 1 per cent, solution of “Lemca” in distilled 
water with the addition of peptone 1 per cent., sodium 
bicarbonate 0'1 per cent.; to either medium is added 
1-2 per cent, of glucose, lactose, sacchifrose, starch, 
inulin, mannitol, dulcitol, etc., afid the mixture is 
ting6d with litmus. 

The fermentation tube has been much used of late 
for the examination of fasces in abnormal intestinal con¬ 
ditions. For this purpose 1 grm. of fasces is thoroughly 
emulsified in 10 c.c. of physiological salt solution and 
1 c.c. of the suspension is introduced into the fer¬ 
mentation tube, the long arm of which is 95 mm. long. 
The media employed are 1 per cent, dextrose, laotose, 
and saccharose broths made with “ Lemco ” (as above) 
or with sugar-free meat broth (see p. 27). With such 
tubes normal stools yield the following amounts of 
gas: 1 

Dextrose. Lactose. Saccharose. 

26‘75 29'9 19'5 mm. 

1 See Herter and Kendall, Studies from the Rockefeller Institute 
(Reprints), x, 1910. 



Preparation of Tissues 


87 


CHAPTER IIr. 

THE PREPARATION OP TISSUES AN1» OIIUANIKMH POH STAINING 
AND MOUNTING. STAINING AND STAINING METHODS. 

A selection of tlio numerous methods devised for 
the preparation anil staining of tissues, bacteria, 
etc., is here given. Special methods occasionally 
employed will be described when required. 

Preparation of Tissues. 

As the demonstration of the bacteria in the tissues 
is of the primary importance, the elaborate methods 
which have been described for fixing the tissue 
elements are not essential in bacteriology, unless of 
course the relation of tho bacteria to the tissue 
elements is being studied. Tho tissues should always 
be obtained as fresh as possible, because within a few 
hours of death they are invaded by numerous bacteria, 
derived from the air and from the intestine, which may 
mask the original bacterial infection and lead to serious 
mistakes if this source of error be not carefully borne 
in mind. In all cases the tissue should be cut into 
pieces of convenient size, not more than about 1 cm. in 
thickness, and organs if kept en nm**e should be Bliced. 
Having been thus prepared, the material may be 
treated by one of the following methods: 
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(a) Place directly in methylated spirit 1 for a week or 

a fortnight. • 

( b ) Place in methylated spirit 1 part, water 2 parts, 
for twenty-four to forty-eight hours, transfer to methy-' 
lated spirit and water, equal parts, then to*methylated 
spirit, and finally to absolute alcohol f ‘for like periods. 

(c) Place in rectified spirit (86 per cent, alcohol) 
containing 1 per cent of corrosive sublimate for twelve 
to forty-eight hours, and pass through increasing 
strengths of alcohol as in (b). 

(d) Place for six to twenty hours in a saturated 
aqueous solution of corrosive sublimate. This is 
prepared by saturating boiling distilled water with 
the corrosive sublimate, cooling, and filtering. Keep 
in the dark. When removed from the corrosive sub¬ 
limate solution the tissues must be washed in a stream 
of running water for an hour, or, better, placed for 
a day in 70 per cent, alcohol deeply coloured with 
iodine, to remove the excess of corrosive sublimate 
and prevent precipitation. The tissues are then passed 
through increasing strengths of alcohol, as in (b). 

(e) Formalin, a 40 per cent, aqueous solution of 
formic aldehyde, is an excellent fixing agent. A solu¬ 
tion of 1 part of formalin and 9 parts of water, er 
better, physiological salt solution, may be used, the 
pieces of tissue remaining in this for twelve to twenty- 
fqur hours. They are then washed in running wator 
for an hour or two and passed through increasing 
■strengths of alcohol, as in (b). 

1 Mothyjated spirit free from mineral naphtha should be used and 
can be obtained in quantities of five bulk gallons, "for scientific 
purposes only,” by special order from the Inland Revenue Authorities, 
Somerset House, W.C. If it cannot be procured, absolute alcohol 
must be employed. Duty-free absolute alcohol can also be bbtained 
under somewhat similar conditions and is much cheaper than the 
ordinary. 
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All tissues after fixing ami hardening should he 
preserved ii* dilute alcohol—water i part, absolute 
alcohol or methylated spirit 2 parts. 

The methods («), (d), and (<•) are to be recom¬ 
mended, especially the two last, as the tissue elements 
are well fixed thereby. In all cases the fixing fluid 
should bo used in considerable excess. Fixing fluids 
containing potassium bichromate (as in M filler's fluid) 
and chromic acid scorn to prevent the bacteria from 
staining with any certainty, ami should be avoided. 

Section Cutting. 

In order satisfactorily to demonstrate bacteria in 
tissues, and their relation to the tissue elements, it is 
usually necessary to prepare sections. For this pur¬ 
pose either the freezing or the* paraffin method should 
be employed. 

(a) Freezing method. —The tissue, in suitable pieces, 
must first be soaked in water to remove the alcohol. 
A convenient way of doing this is to place the material 
in a wide-mouthed bottle, into the mouth of which an 
ordinary glass funnel is introduced, and the bottle with 
the funnel is placed under a stream of running water; 
the funnel, while allowing the water to flow out, 
retains the pieces of tissue in the bottle. With running 
water the alcohol will be completely removed in from 
one to two hours; in still water, which should bo 
changed two or three times, this result may not be 
attained for several hours, during which tirny there is 
an ever-increasing risk of bacterial contamination from 
without. It is essential tn remove, all the alcohol, or the 
tissue will not freeze. 

When the alcohol has been removed, which is known 
by the tissue sinking in the water (lung is an exception 
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—it always floats unless solid from any cause), the 
pieces are * transferred to a strong mucilage of gum 

ACAplfli ! # 

Gum acacia ...... 5 grm. 

Cane sugar.• 0 5 grm. 

Water.•. 100 c.c. 



Fia. 18 .—Swift’s ethor*freezing microtome. 


Add a piece of thymol or a little carbolic acid to prevent 
decomposition. Hamilton saturates the solution with boric 
acid. 

In tlijs gum solution the pieces remain for twelve to 
forty-eight hours, according to their size and the time 
at the disposal of the investigator, and are then cut on 
one of the numerous ether-freezing microtomes now to 
be obtained, such as Swift’s (Fig. 18) or Cathcart’s. 
A microtome in which the freezing is effected by 
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carbonic acid!! is now largely employed and acts 
well. Liquid carbonic acid, contained in a cylinder, 
sprays by its own pressure on to the under surface 
of the plate on which the block of tissue rests; the 
tissue quickly freezes and is then cut. This form of 
microtome works*satisfactorily in the hottest weather. 
The material must not be frozen so hard that the sections 
roll up and fall off the knife; the sugar in the above 
solution should prevent this. The sections are trans¬ 
ferred successively to two or three lots of distilled 
water, preferably slightly warmed, to remove the gum, 
apd can then be stained or preserved in equal parts of 
methylated spirit and water until wanted. 

Bacteria seem to retain their staining properties 
better in the tissue in bulk than in sections. Although 
the bacteria may stain well in sections for some time 
after preparation, it frequently happens that in a month 
or two they refuse to stain. Such is certainly the case 
with anthrax tissues, but not with tubercle or leprosy, 
the bacilli in sections of the latter seeming to rctaiu 
their staining properties unaffected for a considerable 
time. 

(6) Paraffin method. — Nothing can surpass the 
paraffin method for the thinness and beauty of the 
sections obtainable by it, and for some friable tissues, 
such as actinomycosis, it is almost essential. The tissue, 
in suitable pieces for cutting, is transferred from the 
diluted spirit preservative solution to pure methy¬ 
lated spirit for two or three hours, and then to absolute 
alcohol—which may have to be changed oncp unless a 
fairly large volume is employed—for from four to 
twenty-four hours. It is then removed from the 
alcohol, lightly dried between the folds of a dry cloth 
or piece of blotting-paper to remove the superfluous 
alcohol, and placed in an excess of xylol, in which it 
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remains for. from four to twenty-four hours until 
cleared. This is recognised by the materihl assuming 
a more or less semi-transparent condition, and the pro¬ 
cess may be much accelerated by warming the xylol 
to from 37° to 50° C. in the blood-heat incubator or 
paraffin oven, the bottle containing the xylol being 
well stoppered. When cleared it is ready to go into 
the bath of melted paraffin. A paraffin of a fairly 
high molting-point is perhaps the best, viz. 45° to 55° 
C., and is placed in glass capsules in an oven which 
can be kept uniformly heated to the required tempera¬ 
ture. An ordinary chemical liot-water oven answers 
the purpose quite well, and is heated by a special form 
of small Bunsen burner with mica chimney, the tem¬ 
perature being regulated by some form of mercurial 
regulator, which is set a degree or two above the 
melting-point of the paraffin employed. The tissue is 
taken out of the xylol, blotted to remove tho excess, 
and placed in the melted paraffin for six to twenty hours. 
It is then embedded by pouring a little of the melted 
paraffin into a watch-glass, or into a small box formed 
of folded paper or lead-foil, or by bringing together 
two L-shaped pieces of brass on a glass plate so that a 
rectangular cavity is produced. The pieces of tissue 
are then taken out with a small warmed forceps or needle, 
adjusted to the position they are required to occupy, 
and more melted paraffin is poured in, so as to cover 
them.- When a film of solid paraffin lias. foi'med, tho 
whole is immersed in' cold water so as to cool it 
rapidly. « 

A new paraffin is frequently crystalline in structure, 
and acts much better after it has been kept melted for 
some weeks, or is much improved by heating nearly to 
its boiling-point for five or six dajs (P. T. Beale). The 
xylol for clearing may be used several times and the 
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paraffin repeatedly, the remains of old tissues being 
removed, flhe time which the tissues require to ro- 
maiu in the alcohol, xylol, and paraffin depends upon 
their size ; very small pieces may be treated in a few 
hours, largt; ones may require two or throe days. 

Other clearing*agents, such as chloroform, turpen¬ 
tine and cedar oil, may be used instead of xylol. .The 
paraffin method is usually straight forward, but small 
pieces of tissue mu*t not be left too long either in^ 



Fig. 19.—Cambridge rooking microtome. 


absolute alcohol or in the paraffin bath, for they are 
liable to become too hard to cut. Thyroid tissue and 
skin are also rather troublesome ; they become very 
hard unless, the whole process is carried out as .rapidly 
as possible. If,'the pieces of tissue be large, the cap¬ 
sule of melted/paraffin containing the tissue may bo 
placed under flie receiver of an air-pump, which is then 
exhausted. M’his causes the paraffin to penetrate 
better, and tie process may be repeated two or three 
times durinjAhe period of infiltration. A special form 
of paraffin <ffen has been devised by Cheatlo for infil- 
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tracing under diminished pressure, and is made bj 
Hearson, of Regent Street. 0 

In order to prepare sections from material embedded 
in paraffin some form of microtome must be employed. 
An ether-freezing microtome can be employed w.ith 
some manipulation, the paraffin blochP being placed in 
a little melted paraffin on the freezing plate so that it 
is cemented there, and sections are cut with the razor 
or plane iron, as though it had been frozen (it is not 
to be frozen). It is better, however, to use some 
special form of microtome, the Cambridge “ Rocker ” 
(Fig. 19),* or a modification of it, or the “ Minot,” 
being perhaps the best. The block of paraffin con¬ 
taining the tissue is trimmed with a knife to remove 
the excess, and is cemented to the carrier of the micro¬ 
tome with a little melted paraffin, or by melting the 
paraffin on it with a hot iron (end of a file, etc.) or a 
match. The union may be made more secure by melting 
the paraffin around the base of the block with a hot iron. 

Having fixed the paraffin block to the carrier, 
sections may then bo cut of any degree of thinness. 
In order to do this it is essential for the knife or razor 
to have a keen edge and one of the right nature, for a 
knife may be perfectly sharp and yet the sections as 
they are cut roll up in such a manner that it is difficult 
to flatten them. Though this may be due to a wrong 
consistence of the paraffin, owing to cold weather or 
some other factor, in the majority of instances it is the 
edge of the knife which is at fault. Provided the 
knife be sharp, stropping on the palm of the hand will 
usually remedy this difficulty. The paraffin being of 
the right consistence, and the knife in good order, the 
sections as they are cut should be flat and should 
.adhere together at adjacent margins so that a ribbon 
of greater or shorter length is formed. 
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Satisfactory sections having been obtained, they are 
transferred vsith a needle or cainel’s-hair brush to a 
tin pan containing a little water, or spirit alid water, 
warmed to about 40° C. The sections Hunt and the 
paraffin aoftSnx, so that they spread out perfectly flat 
(the water must noffbe hot enough to melt, the paraffin). 
A clean slide is then introduced underneath the section, 
raised so that the section is lifted up on it, and by 
fixing the section with a needle and tilting the slide 
the section is deposited in the required position on the 
slide and allowed to dry. If preferred, the section 
may be transferred to a slide flooded with water, which 
is warmed over the Bunsen. The slides can bo manipu¬ 
lated in an hour or two if dried at .’17° but it is 
best to allow them to dry in the incubator all night. . 
It will be found after this treatment that the sections 
adhere sufficiently firmly to the slides for all the 
ordinary methods of staining to be curried out without 
detaching them, which would be fatal. The sections 
must be fairly thin, however; if they are at all thick 
they do not adhere nearly so well. 

Should the sections have to be subjected to pro¬ 
longed treatment during staining, etc., they may bo 
cemented to the slides by the following method. Equal 
parts of egg-white and glycerin are mixed and filtered, 
and to every 100 c.c. of the mixture 1 grin, of sodium 
salicylate is added. The slide is smeared thinly with 
this, the section is transferred to it in the manner just 
described, and the slidos are dried. 

Supposing that, while cutting, the sections, jn spite 
of all precautions, curl up instead of lying flat, it is 
still often /possible to obtain a few that can be mounted. 
They maf sometimes be unrolled by cautious manipu¬ 
lation w/ch a couple of needles after having been 
softened [by warming, or a needle or knife-blade may 
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bo held close to the edge of the microtome knife during 
catting, so that the sections, instead ofocurling, slide 
up against this guide. 

Tissues embedded in paraffin may be kept indefinitely 
in labelled pill-boxes and- cut all at ones* or from time to time 
as required, or the ribbons of sections may be preserved in a 
box in a cool place until wanted. The slides also, with the 
sections attached, can be kept until it is convenient to stain, 
if preserved free from dust in a slide box. 


Cover-glass and Film Specimens. 

The satisfactory preparation of cover-glass and film 
specimens is one of the most important in bacteriology, 
for they are used for the examination of cultivations of 
bacteria, and of blood or other fluids or secretions, 
organs, etc., for the presence of micro-organisms. 

It is necessary in the first place to have clean cover- 
glasses of the right kind ; they must be thin, otherwise 
the higher powers cannot be employed to examine the 
preparations, and those described as “No. 1” should be 
purchased, “ f-iu. squares ” being a convenient size. 
These servo both for cover-glass specimens and for 
covering sections ; it is well also to have a few of the 
same thickness but larger, viz. £-in. or 1-in. squares, for 
large sections. In order to clean them they should be 
gently boiled in a porcelain dish with, 10 per cent, 
carbonate of soda solution for a few minutes, well 
washed, c and then treated with strong sulphuric acid, 
warmed carefully in a porcelain dish, for a f?w minutes. 
The acid having been poured off, they are well rinsed in 
several changes of water, and should be kept in a 
stoppered glass capsule in absolute alcohol. Slides may 
be used instead of cover-glasses, and should b 3 cleaned 
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and manipulated in the same manner as described for 
cover-glasses* 

A clean cover-glass (or slide) is taken, dried with 
a clean soft linen or silk rag or handkerchief, or with 
Japanese paper, or it may be momentarily introduced 
into the Bunsen fl&tne and the spirit burnt off, and 
placed flat on a convenient support on the work-tablo 
—a white glazed tile is excellent—with the corner pro¬ 
jecting so that it can be conveniently picked up with 
the forceps.* A droplet (t. c. nmnll drop) of water is 
then placed on it, in the middle, by means of a looped 
platinum needle, or with a small glass pipette (Fig. 7). 
Theoretically, sterilised physiological salt solution 9 
should be used, a few cubic centimetres being boiled in 
a sterilised and plugged test-tube for two or three 
minutes and cooled; but ordinary tap-water may 
usually be employed. A thin film of organisms has 
now to be formed on the cover-glass, and the following 
is the method of procedure with a culture on a solid 
medium such as agar or gelatin. The culture tube and 
platinum needle are held and manipulated in precisely 
the same manner as that described for the inoculation 
of tubes (p. 70), a trace of the growth being removed 
from the tube and the wool-plug immediately replaced. 

A mere trace of the growth from a culture should bo 
taken, just sufficient to soil the tip of the platinum 
needle, or the preparation will bo too crowded, and 
this is rubbed up well with the droplet of water on the 
cover-glass, so as to form an emulsion, which is then 
spread over the surface. As a general ^ule the 

1 The writer has devised a useful support for staining. It consists 
of a square of plate gloss, painted half white and half black at the 
back, and having a narrow strip of thick glass cemented across it on 
which the covers rest. It is made by Messrs. Baird & Tatlock. 

1 0-78-0-95 per cent, of sodium chloride dissolved in distilled water. 

7 
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material should be well emulsified, but in sbme 
instances this is inadvisable, as a particular formation 
. or characteristic grouping may be disturbed thereby, 
in which case, after a slight admixture with the water, 
the emulsion is gently spread. The thin 'film on the 
cover-glass is allowed* to dry, or°may be dried by 
gentle warming over the Buns on fla me, preferably 
holding the preparation in the fingers and moving 
backwards and forwards over the flame. Having dried 
the film, it has next to be fixed, which is accomplished 
by holding the cover-glass, film side uf>, in the forceps 
and passing faii’ly rapidly three times through the 
Bunsen flame (slides 6—9 times). The object of this 
" fixing ” is to thoroughly dry the film and coagulate 
albuminous material, whereby the film adheres better to 
the glass, and is not so likely to bo detached in the 
subsequent processes of staining and washing, etc. 
Fixing may also tend to diminish the staining capacity 
of the extraneous matter mixed with the organisms. 
The preparations are now ready for staining. 

When the culture is in a fluid medium, such as 
broth, the tube is manipulated in the same way, the 
deposit at the bottom having been shaken up if neces¬ 
sary, and a loopful or two of the fluid removed with a 
looped platinum needle, transferred to the cover-glass, 
spread out, dried, and fixed as bofore, but as the 
medium is fluid there is usually no need to add a 
droplet of water. 

If a specimen of blood, pus, or sputum is required, 
the procedure is much the same. A little of the 
material is taken up with a looped platinum needle 
and spread in a thin film over the cover-glass or slide, 
which is then dried and fixed. If necessary, a droplet 
of water or physiological salt solution may be nsed to 
.dilute the material so as to obtain a thinner film. If a 



99 


Film Preparations 

specimen is to be made from an organ, a particle of 
the pulp is pfcketl up and an emulsion made as before, 
or a small piece of tliu organ may be held in sterile 
forceps and the eut surface gently smeared over the 
cover-glass W slide, which is then dried and fixed; 
these are termed “smear preparations." 

To obtain the best results it is preferable before 
staining to submit films of blood 1 or pus or smear pre¬ 
parations to the action of some chemical fixing agent, 
unless the film is stained with Leishnmii’s solution, which 
f both fixes and stains. The simplest method of doing this 
is to immerse the films, after air-drying, in a mixture 
of equal parts of absolute alcohol ami ether lor five to 
fifteen minutes. In hot countries a saturated aqueous 
solution of corrosive sublimate (five to fifteen minutes) 
is perhaps as good as anything. Another method, 
combining both fixing ami staininir, is to immerse the 
films as soon as they are prepared and without drying 
in the following solution : 

Absolute alcohol saturated with eosin . -■> c.c. 

Pure ether. 

’ Alcoholic solution of corrosive sublimate 

(2 grin, in 10 <•■<•■) •> drops 

For four cover-glasses •> to 10 c.c. of this solution aro 
required, and they should remain in it three to four 
minutes (it may bo prolonged for hours without harm) ; 
they are then removed with a forceps and well rinsed 
in water, stained for not more than a minute in a 
saturated aqueous solution of methylene blue, .washed 
quickly, dehydrated in absolute alcohol, cleared in 
xylol, and mounted in xylol balsam. The solution may 
be used for fixiug blood, pus, sputum, etc., if the eosin 

1 For the method of preparing blood-films see the section on 
“ Malaria," Chapter XVIII. 
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be omitted, and the preparations may then be stained 
or otherwise treated in any desired inanu&r. 1 

Scott* recommends the following as giving the most 
perfect results with blood films, etc.: 

(1) Hold the freshly prepared and still wet film in 
the mouth of a wide-moutlied bottle half filled with the 
ordinary formalin solution, film side downwards, for five 
seconds. 

(2) Drop, while still wet, film downwards, into abso¬ 
lute alcohol. Leave for fifteen minutes, or, for con¬ 
venience, for any time up to forty-eight hours. 

The preparations may then be stained with methy¬ 
lene blue or hsematoxylin, and eosin, or with Leishman’s 
stain. (See also under “ Malaria ” and “ Trypano¬ 
somes ,” Chapter XVIII.) 

Imprexsion specimens. — These are employed to 
examine and preserve permanently the colonies or 
growths of organisms so that their characteristic forma¬ 
tion may be observed. With plate cultivations this is 
very simple. A clean cover-glass is sterilised in the 
flame and, having cooled, is cautiously lowered on to a 
selected colony with a sterile needle, avoiding all 
lateral movement. It is gently pressed on to the 
colony and then carefully raised by means of a couple 
of needles ; the colony should adhere to the glass, and 
may be dried and fixed. The colonies in gelatin tube 
cultures tnay also be used if the gelatin is removed from 
the tube. This can be done by dipping the tube for 
a few seconds into hot water j the gelatin round the 
walls of the tube will be melted, and the gelatin mass 
cun then be tilted out of the tube on to a glass dish 
or tile. 

1 (Jutland, Brit. Msd. Joum., 1897, vot. i, p. 85. 

* Jo urn. Path, and Boot., vol. vii. No. 1, p. 131. 
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Stains and Staining Methods. 

Micro-organisms being so minute nml transparent, it 
is usual to stain or dve them, so that tliev can be more 
readily exaipined. In some instances organisms may 
have a peculiar staining reaction, which may serve as 
an aid to their identification. Hut when an organism 
is being investigated, examination in the fresh and 
living condition must never be omitted, for it is only 
thus tliat its motility and life-history ran be studied. 
Only general methods are detailed here ; speeial ones 
will be given when they are required. 

(1) Tjiiffler’s alkaline methylene blue. 

Saturated alcoholic solution of inetlivlenc blue . ilO e.c. 
Solution of caustic potash, 0 0] percent. . 100 e.c. 

A very useful stainiug solution. Cultures should be quite 
fresh, or the organisms do not stain well. When the 
organisms are mixed with extraneous material, as in smears, 
or there is much tlfihri*. this is one of the licst. staining solu¬ 
tions to employ. Methylene blue preparations are, however, 
not very permanent, and in hot countries rapidly fade. 
Thionine blue is then preferable. 

Cover-glass specimens are atoinuiLIor three to ten minutes, 
and sections half to twenty-four hours. 

(2) Carbol-metliylene blue (Kiiline). 

Methylene blue 1’5 grin. 

Absolute alcohol .10 c.c. 

Five per ceut. aqueous solution of carbolic acid 100 c.c. 

A more intense staining solution than the former, and very 
useful for sections, which are stained for from half to six 
hours. 

(3) Anilin gentian violet. 

Saturated alcoholic solution of gentian violet . 30 c.c. 

Aniiin water. 100 c.c. 
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The anjlin water is prepared by shaking 8 c.c. of anilin 
with 90 c.c. of distilled water, allowing the mixture to stand 
for a few minutes, and filtering. Instead of anilin water, 1 
per cent, aqueous carbolic may be used (carbol-gentian 
violet). n 

This solution is a useful general stain for films, which are 
stained fa y two or tfaroo minut es, and is employed in Gram’s 
mo f.hnd of sttiln infr. It does uot keep well. 

(4) Carbol-fuchsin (Zielil-Neclsen solution). 

Fuchsin.1 part 

Absolute alcohol.10 parts 

Five per cent, aqueous solution of carbolic acid 100 parts 
The fuclisin is dissolved in the absolute alcohol and then 
mixed with the carbolic acid solution. It must always be 
filtered before use. 

An intense staining solution. For film specimens it is best 
diluted with five to ten parts of water; stain for two to five 
minutes. 

(5) Cavbol-thionine blue (Nicollo). 

Saturated solution of thionine blue in alcohol 

(90 per cent.) .10 c.c. 

One per cent, aqueous solution of carbolic acid 100 c.c. 

Sections can be strained in from a few minutes to half an 
hour. This solution may be used for a modified Gram’s 
method (see p. 109). Can be substituted for methylene blue 
for all purposes, and is more permanent than .the latter. 

(6) Chenzinski’s solution (after Klein). 

Saturated aqueous solution of methylene blue 


(Grubler’s).50 c.c. 

Eosine (soluble in alcohol) .... 0'5 grm. 

Absolute alcohol , 70 c.c. 

Distilled water.130 c.c. 


Film specimens, after fixing, are placed in absolute alcohol 
for half a minute, dried, and placed, film downwards { in a 
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watch-glass of the stain, which is then warmed until it 
steams. The ipecimen is then taken out. aud well washed iu 
tap-water, rinsed in distilled water, dried, and mounted. 

Sections are immersed in absolute alcohol for several 
minutes, staiped in the cold for six to twelve hours, well 
washed in distilled water, and jassod through absolute 
alcohol and xylol, and mounted. 

(7) Koain (alcohol-soluble ami water-soluble). 

A somewhat diffuse stain. Is used for counter-staining 
the tissues in Grain's method, and for staining red blood- 
corpuscles and acidophile granules iu leucocytes. 

A 5 to 1 percent, aqueous or alcoholic solution may lxi 
used, aud'the staining should not, as a rule. Is* prolonged for 
more than about half a minute. 

( 8 ) Bismarck brown (Vesuviu). 

A saturated aqueous solution should be prepared and 
diluted somewhat for use. A good counter-stain for the 
tissues in Gram's method. Stain for two to five minutes. 

(9) Orangc-rubin. 

Prepare saturated aqueous solutions of orange G. and 
rubin S. Mix equal volumes aud dilute with water until of 
a light port-wine colour. Stain tissues for five to fifteen 
minutes. A good contrast stain for tulterculosis and 
actinomycosis. 

(10) Picro-carmine. 

This is best bought ready prepared. Sections are stained 
in the solution for half to one hour, washed, then placed in a 
watch-glass of spirit, to which three or four drops of hydro¬ 
chloric acid hare been added, for two or tlm>e minutes, then 
well washed in water. The section can now be counter- 
stained with Loffler’s blue or by.Gram's method. 

(11) Haeinatoxylin. 

Ehrlich’s formula is one of the best and simplest to use, 
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and can be obtained ready for use. It must be “ ripe.” It 
it a histological and not a bacterial stain, e Sections are 
treated as follows: 

(1) Distilled water, one to two minutes. 

(2) Stain with the hsematoxylin solution for five to thirty 
minutes. In some cases the solution is preferably diluted 
somewhat with distilled water. 

(3) Einse in distilled water. 

(4) Einse in distilled water containing a trace of acetic 
acid. 

(5) Treat with distilled water' containing a trace of 
ammonia. The sections remain in this until they assume 
a deep blue colour. (Tap-water, five to ten minutes, may 
also be used.) 

(6) They can then be dehydrated, cleared and mounted, or 
counter-stained with eosin, orange-rubin, or Van-G-ieson, and 
then mounted. 

Hsematoxylin makes a good contrast stain for the tubercle 
and the leprosy bacillus and for Actinomyces. 

Mayer’s lisemalum (see section on the ‘Amceba coli ’) and 
Delafield’s hsematoxylin are also good hsematoxylin stains. 

(12) Ehrlich-Biondi triple stain. 

This is best bought ready for use. It is a good histological 
stain for tissues and leucocytes. Actinomycosis stains well 
by it. 

Stain for ten to sixty minutes, then treat with methylated 
spirit until the section becomes greenish. Pass through 
absolute alcohol, clear, and mount. 

(13) Leisliman’s stain. 

Like the Jenner, Wright, and other similar ones, a modifi¬ 
cation of the Eomanowsky stain, a double compound of eosin 
and methylene blue. The solution will .keep for some time, 
but is best freshly prepared. . Grubler’s powder or Burroughs 
Wellcome’s soloid may be used, and is dissolved in 
pure (Merck’s or Kahlbaum’s) methyl alcohol. Failure fre¬ 
quently proceeds from the use of a so-called pure methyl 
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alcohol, which is not really so. (For method of using, see 
“ Malaria," Chapter XVIII.) 

(14) Giemsa stain. 

An eosin-%zur mixture dissolved in glycerin and methyl 
alcohol. Useful for blood-films, film preparations, etc., and 
has been much used to demonstrate the spiroehaetes in 
syphilitic material. (For method of using, see “ Syphilis.”) 

Safranin and acid fuchsin are also used as counter-stains. 
Malachite green, neutral red, and rosein may be used for 
intra-vitam staining of protozoa, etc. 

Eosin, orange-rubiu, hceinatoxylin. and picro-carminc 
keep well in solut ion; the remainder may or may not, 
and are best used fairly fresh. All stains should l>e 
filtered before use, and may la* conveniently kept in Itottles 
having a funuel fitted with it filter-paper, so that they are 
always ready. Or smaller lM»ttles may Ik* used, fitted with 
pipettes, and several arranged in a stand. 

The best stains are Griibler’s, which can Is; obtained from 
many agents in this country. Messrs. Burroughs, Wellcome A 
Co. supply most of the anilin dyes and some other reagents, 
iodine, etc., in “soloids," which are very convenient and good. 

Gram’s method .—This is a most useful method, espe¬ 
cially for sections, specimens of blood, or smear or 
impression preparations, as the tissue or ground 
substance can be counter-stained so that the organisms 
show up in marked contrast. Ordinary cover-glass 
specimens do not usually require this method, unless 
debris or ground substance is present ami the best 
result is desired. Unfortunately Gram’s method is not 
applicable for all organisms, as many do not retain 
their colour by the process. This disadvantage, 
however, is counter-balanced by the fact that it forms a 
valuable means of distinguishing organisms, and is 
always one of the points to be noted in bacteriological 
diagnosis. Most of the moulds, yeast, streptothrix and 
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sarcina forma, and cocci stain by it, though there are 
exceptions; the spirilla and protozoa do no* stain by it, 
but as regards the bacilli no rule can be laid down (see 
p. 108). Cover-glass specimens -are stained for five to 
ten minutes, and sections for. ten minutes »to half an 
hour, in anilin- or carbol-gentian violet solution. ' Drain 
off the superfluous stain, and then immerse, without 
washing, in the following solution for one half to two 
minutes: 

Iodine ...... 1 part 

Potassium iodide .... 2 parts 

Distilled water .... 300 parts 

The purple colour of the gentian violet changes to a 
dirty yellowish-brown, and sections become much like 
a used tea-leaf. The specimens must not be passed on 
to the next solution until they have assumed the brown 
colour. * Cover-glass specimens are best immersed in 
the solution in a watch-glass, film side, up, or they and 
slide specimens may be flooded with the iodine solution 
two or three times. 

The specimens are removed from the iodine solution, 
drained, and then immersed in alcohol, preferably 
methylated spirit. In this the purple colour of the 
gentian violet returns and is dissolved out, so that they 
ultimately become colourless; this is aided by moving 
them gently about, and for sections two or more baths 
of alcohol may be an advantage, a fresh one being 
substituted when the first has become deeply coloured. 
Film specimens decolorise much more readily than 
sections, and they should be removed from the alcohol 
when no more colour dissolves out, or the stain 
may be entirely removed; usually twenty to forty 
seconds in the alcohol suffices, thick preparations taking 



Gram’s Method 


107 


longer than thin ones. It is also important ■with cover- 
glass specimens' to remember on which side of the 
glass the film is, for it may be very difficult to ascertain 
this when the specimen has been decolorised. After 
decolorising, film specimens are washed in water, 
dried, and mounted, or, after washing, the ground 
substance may be counter-stained, if required, with 
eosin for a few seconds, or Bismarck brown for two or 
throe minutes, washed again in water, dried, and 
mounted. Sections after decolorising are passed 
through absolute alcohol and xylol before mounting, 
or, if required to be counter-stained, are immersed in 
eosin for fifteen to thirty seconds, or Bismarck brown 
for three to five minutes, and then passed through 
methylated spirit, absolute alcohol, and xylol. 

Sections frequently are somewhat difficult to de¬ 
colorise with alcohol alone, in which case it is well to 
treat them with a slightly acid alcohol (•'! per cent, of 
hydrochloric acid) for a few seconds, and then return 
to the alcohol (diinther’s method). 

The iodine in (Jram’s method seems to net us a mor¬ 
dant, precipitating the stain in a relatively insoluble 
form in certain species of bacteria. Tin* staining of 
organisms by dram is relative; some forms do not 
stain at all, are Gram-nnjntirr — i. «. the colour is 
removed by the alcohol with the greatest facility; 
others stain intensely, are (lram-)><>!<itirr, but even 
these may become decolorised by prolonged treatment 
with alcohol. The best procedure is to have three 
watch-glasses of methylated spirit, and to transfer the 
cover-glass specimen from one to another ns the stain 
is dissolved out; in the last bath, immediately the final 
trace of colour is seen to be dissolved out, the prepara¬ 
tion should be removed, washed in water, dried, and 
mounted. In order to ascertain whether an organism 



108 


Manual of Bacteriology 

is or is not stained by Gram’s method, it is sometimes 
useful to mix with it in making the preparation some 
undoubted Gram-staining organism—e. g. if a bacillus, 
with the Micrococcus pyogenes; if a coccus, with B. 
anthracis or B. suhtili*. The admixed organism then 
serves as an index. 


The following organisms are Gram-positive: B. anthracis, 
B. diphtherias, B. tetani, B. Welchii, B. h >tulinus , B. tuber¬ 
culosis, B. smegmatis, B. lepras, B. murisepticue, Actinomyces, 
B. subtil is, B. mesentericus, B. megaterium, B. mycoides, the 
pyogenic cocci, the streptococci, including the pneumococcus, 
most cocci, yeasts, moulds, and streptothrices. 

The following organisms are Gram-negative: B. typhosus, 
B. enteritidis, B. dysenteriie, B. coli, B. pestis, B. influenza, 
B. mallei, B. pseudo-tuberculosis, B. pyocyaneus, B. oedematis 
maligni, B. Chauviei (usually), B. prodigiosus, B. protevs, the 
septicsemic bacilli, such as chicken cholera, the spirilla and 
vibrios, spirochaetes and protozoa, M. gonorrhoea, M. menin¬ 
gitidis, M. melitensis, and M. catarrhalis. 

Gram’s method of staining depends upon the formation of 
an iodine-pararosanilin-protein compound which is not readily 
dissociable in the case of the Gram-positive organisms. Para- 
rosauilin dyes, such as gentian violet, methyl violet and 
victoria blue, are alone suitable for the method. 

In Claudius’s modification of Gram’s method, 1 stain¬ 
ing is done in a 1 per cent, aqueous solution of methyl 
violet (films for one minute, sections for two minutes). 
The preparations are washed, treated with a half- 
saturated aqueous solution of picric acid for one to two 
minutes, washed again, and dried with filter-paper. 
Decolorisation is then carried out in the case of covers 
with chloroform, in that of sections with clove oil. 
After decolorising, the preparations are treated with 

* > Ann. de I'Inst. Pasteur, xi, 1897, p. 332. 
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xylol and mounted. By this method the ordinary 
Gram-posit if e organisms are stained; also the bacilli of 
malignant oedema and of black quarter. Counter- 
staining inay be carried out with lithium carmine. 

WeigerPi modification of Gram’# method .—In this 
process the sections, whether frozen or paraffin ones, 
should be manipulated on the elide. They are stained 
with the anilin gentian violet and treated with 
Weigert’s iodine solution (iodine 1—”> per cent., potas¬ 
sium iodide 6 per cent.) as in tho simple (train’s 
method. The iodine is then removed with liltor-papor 
and the sections are flooded with anilin oil two or three 
times. This removes the colour and dehydrates. ’1 he 
anilin oil is removed by flooding two or throe times 
with xylol. 

Thionino blue may be used for Gram s method, tho 
carbol solution being cmploj ed (No. • r >, p. 102). Sections 
are stained for two or three minutes, then treated with 
an iodine solution somewhat stronger than Grams (200 
parts of water instead of :'•()() parts). '1 he sections, 
after remaining in this for one to two minutes, are 
decolorised in alcohol containing 1 per cent, of acetone 
(methylated spirit does very well), and subsequently 
treated as in Gram’s method. 

The Staining of Film Specimens. 

To stain cover-glass, smear, and impression prepara¬ 
tions, after fixing, the film is flooded with a drop or 
two of the solution, or the preparation, if a cover-glass, 
may be floated, film side down, on the solution con¬ 
tained in a watch-glass; if it should sink it makes 
little difference. Various baths or pots can be obtained 
for staining slides. Warming intensifies the staining 
properties of all staining solutions, and mapr be neces- 
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sary if deep staining is required or if the temperature 
of the laboratory be low (see also p. 144). When 
stained sufficiently, tho 'preparation is rinsed in a 
beaker or tumbler of water, or in a line stream of 
water, preferably distilled, to remove the'superfluous 
colour, after which it is dried and mounted on a glass 
slide, film side down, in a drop of solution of Canada 
balsam in xylol. The preparation may be dried either 
by gentle warming over the Bunsen flume after the 
film has been blotted with filter-paper, or the film may 
be allowed to dry spontaneously in the air, in which 
case it should always be set up on edge to drain, pre¬ 
ferably on a ledge of filter-paper, which is folded into 
a sort of compressed 2L, (z) shape. The preparations 
must be completely dried before being mounted in balsam. 

To prevent the stain flowing all over a slido, two 
lines may bo drawn across the slido with a grease 
pencil, one on either side of the area to bo stained. 

If there bo much debris or other material which, 
when stained, would interfere with a clear view of the 
organisms, various expedients may bo adopted. One 
is to stain for a short time with a solution which does 
not give a very dense colour, the best for this purpose 
being Lofllor’s methylene blue, or Gram’s method may 
be made use of if the organism stains by it, and will 
give the best result of any. Another plan is to treat 
the specimen with acetic acid before staining; it may 
be just dipped in glacial acetic acid and immediately 
washed in distilled water, or immersed in 20 per cent, 
acetic acid for five to ten minutes, washed in distilled 
water, and then stained. A third is, after staining and 
washing, to rinBe the preparation in dilute alcohol 
(methylated spirit 1 part, water 1 or 2 parts), and 
immediately wash again in water to stop the further 
action of the alcohol. If the film be thick, two or. 
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three rinses in the dilute alcohol may be necessary. 
This proces# gives excellent results with the sarcime, 
but the staining agent should be anilin gentian violet 
or dilute carbol-fuelisin and not bottler’s blue, unless 
it is allowed to act for fifteen to twenty minutes. The 
treatment with acetic acid before staining may bo 
combined with decolorisation with alcohol after. 

Preparations can always be examined in water with 
the y in. objective, after washing and before perma¬ 
nently mounting, in order to see whether they are 
satisfactory. A drop of water is placed on the slide, 
the specimen is mounted in this, film side down, and 
the upper surface of the cover-glass is dried with 
filter-paper. If satisfactory, the preparation can be 
slipped off, dried, and mounted in balsam; or if not 
stained sufficiently, or if stained too deeply, it can bo 
stained again, or further decolorised, as the case may 
be. If the film is on a slide, a drop of water is put 
on and covei’ed with a cover-glass. 


Treatment of Sections for Staining and Mounting. 

(a) Frozen section *.—If preserved in spirit they 
should be rinsed in distilled water before stnining, 
unless tlie staining solution is an alcoholic one, in 
which case this is unnecessary. After staining they 
are well rinsed in water or methylated spirit to remove 
the excess of stain, and then dehydrated and cleared 
before being mounted. For dehydrating, if they have 
been washed in water, they should bo well rinsed in 
methylated spirit 1 to remove the excess of water, and 
then, transferred to absolute alcohol for a few seconds 

1 Absolute alcohol may of course be employed instead of tho first 
bath of methylated (or rectified) spirit, but methylated answers just 
as well and Is leas expensive (but see note, p. 88). 
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to two minutes, the time yarying with the size and 
thickness of the section. In many cases-o-for instance, 
when the anilin dyes have been used for staining—the 
sections must be passed as rapidly as possible, con¬ 
sistent with thorough dehydration ., through the absolute 
alcohol to avoid removing too much of the colour. If 
it is important to avoid any decolorisation, anilin oil 
may be used for dehydration, as in Weigert’s method 
(pp. 109 and 115). For clearing, xylol or cedar oil is 
the best agent, for neither dissolves the anilin dyes ; 
they will only clear, however, out of absolute alcohol: 
hence the preliminary rinsing of water-washed sections 
with methylated spirit to prevent dilution of the subse¬ 
quent bath of absolute alcohol. Oil of cloves can also 
be employed, but has the disadvantage that it dissolves 
the anilin dyes, and the colour of stained sections 
treated with it is apt to be less permanent ; it has the 
advantage, however, of clearing out of methylated 
spirit, absolute alcohol being unnecessary. The alcohol 
and clearing agents are conveniently placed in watch- 
glasses or small shallow glass capsules. The section is 
known to be cleared when it appears quite transparent 
and almost invisible when the watch-glass or capsule 
containing it is held over a dai*k surface. If it appears 
cloudy and opaque it is not properly cleared, which 
results from insufficient clearing or dehydrating. If 
the section does not clear in a minute or two it is 
evidently not sufficiently dehydrated, and should be 
returned to a fresh bath of absolute alcohol for a short 
time, and then transferred again to the clearing agent. 
Care should be taken that watch-glasses, etc., used for 
the absolute alcohol and clearing agent are perfectly 
dry. The clearing agent, especially clove oil, can be 
used many times before becoming useless. 

For transferring the sections from one solution to 
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another an ordinary needle, fixed in a light wooden 
handle, suffices, or, better still, a piece of glass drawn 
out at one end, the section being carefully lifted by one 
corner to prevent crumpling; but for the final process 
of mounting it is necessary to use a section lifter or 
cigarette-paper. The section, spread out with care, is 
raised by means of the section lifter or cigarette- 
paper introduced under it, and transferred to the slide, 
any crinkles are removed by spreading with a needle, the 
superfluous clearing agent is drained 
off, a drop of xylol balsam put on, and 
it is then covered with a clean cover- 
glass. If clove oil has been used as 
tho clearing agent, the section, after 
draining, should be blotted with two 
or three thicknesses of filter-paper to 
remove as much oil as possible before 
putting on the balsam. In blotting 
firm pressure should be used, and the 
section will then adhere to the glass 
slide and not to the blotting-paper. 

With delicate sections all the processes 
of staining, dehydrating, clearing, 
etc., may be carried out on the slide. 

(b) Paraffin sections .—The sections having been 
safely fixed on the slide (p. 95), it is necessary, in order 
to stain and mount, to remove the paraffin by solution 
in xylol. Tho slides with attached sections are treated 
as follows: Immerse in (1) xylol for one or two 
minutes; (2) absolute alcohol one to two minutes to 
remove the xylol; (3) methylated spirit; (4) distilled 
water. They are now ready for staining, and are to 
be flooded with the staining solution or immersed in it, 
and after staining they are treated in the same manner, 
but in the reverse order, i. e. (1) distilled water; (2) 

8 
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methylated spirit; (3) absolute alcohol; (4) xylol. 

On being removed from the xylol thfe slides are 
^drdined for a few seconds, a drop of xylol balsam is 
then put on, and the section covered with a clean 
cover-glass. Glass pots (Fig. 20) filled with the alcohol, 
xylol, etc., are convenient for the treatment of paraffin 
sections, the slide with the section upon it being 
immersed in the fluid. 


Section Staining. 

When Gram’s method is applicable it gives by far 
the best results, and should always be employed. If, 
however, the organisms are decolorised in Gram’s 
process some other method must be adopted. One of 
the best is to stain for from ten minutes to six or eight 
hours in Loffler’s methylene blue. Fresh easily staining 
organisms will be sufficiently stained in ten or fifteen 
minutes, but when the organism is difficult to stain, as 
glanders, six to eight hours may not be too long a 
time. Warming intensifies the staining properties of 
all staining solutions ; for frozen sections the watch- 
glass of stain may be warmed on a sand-bath or 
asbestos cardboard, or in the blood-heat incubator. 
Sections on < the slide may be flooded with the stain 
and warmed on a piece of asbestos cardboard placed 
over a Bunsen flame, or a penny may be heated 
in the Bunsen and the preparation laid on it, the 
coin being re-heated as often as required. The 
stain may be prevented from flooding the slide by 
confining it between grease-pencil lines as described 
for films (p. 110). After staining, the sections are 
well rinsed . in distilled water and then slightly 
decolorised by rinsing for half a minute or so in a 
watch-glass of 1 per cent, acetic acid in distilled water. 
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■ They are then again washed and passed as rapidly as 
1 possible through alcohol, cleared in xylol, and mounted. 
Carbol-methylene blue or carbol-thionine blue may be 
used instead of the Loffler’s solution, the staining 
taking from "a few minutes to half an hour. If a 
contrast stain be desired the sections may bo treated 
for a few seconds with the eosin solution after the 
dilute acetic, but a better method is to use the 
Chenzinski solution, which is strongly recommended by 
Klein (see p. 102). If staining be prolonged evapora¬ 
tion must be prevented. In the case of a section 
mounted on the slide and flooded with stain, the slide 
should be placed on a piece of wet blotting-paper on a 
tile and covered with the lid of a Petri dish. 

The micro-organisms in sections stained with Ldffler's 
blue are very liable to become decolorised unless the 
dehydration is expeditiously performed. To avoid this 
Unna's method may be adopted. After staining and 
decolorising with acidulated water as described, the 
sections are placed on the slide (if not already mounted 
thereon), gently warmed, and so dried; they aro then 
treated with xylol and mounted in balsam. The tissue 
elements, however, are apt to suffer. 

A better method is, after decolorising with the 
dilute acid, to dehydrate with anilin oil instead of 
alcohol, the section being treated with fresh anilin two 
or three times, then with a mixture of equal parts of 
anilin and xylol, and finally with two or three baths of 
xylol. 


Capsule Staining. 

Many organisms, especially in the tissues or body 
fluids, are invested with a capsule of gelatinous matter, 
probably derived from the membrane of the bacterial 
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cell, and differing in composition in different species. 
The capsule may be as thick as the bacterial cell itself, 
*and appears, in the unstained state or after staining by 
the ordinary methods, as a clear halo or zone surround¬ 
ing the organism. Organisms in films of albuminous 
matter often appear to be surrounded by a cigar halo, 
which must not be mistaken for a capsule. As 
organisms frequently lose their capsules on ordinary 
culturo media, Mooro recommends cultivating in fluid 
serum to obtain the re-development of the capsule. In 
order to stain the capsulo one of the following methods 
may bo adopted: 

1. Stain the preparations by just dipping in the following 
solution: 

Carbol-fuclisin . . 1 part 

Distilled water .... 1 part 

Rinse in water and then stain for fifteen seconds in a very 
weak aqueous solution of gentian violet (O'l per cent.). Rinse 
in water, dry, and mount. 

2. McConkei/s method. — The following solution is pre¬ 
pared : 

Methyl green . .1-5 grm. 

Dahlia ..... 0'5 grm. 

Distilled water . . 100 c.c. 

When dissolved, 10 c.c. of a saturated alcoholic solution of 
fuclisin are added, and the whole is made up to 200 c.c. with 
distilled water. The stain should not be used for a fortnight, 
and should be kept in a dark place. Specimens are Btained 
for five minutes or longer, then thoroughly washed in a stream 
of water, dried and mounted. 

8. Friedldnder'e method (for tissues).—Mix, 

Concentrated alcoholic solution 

of gentian violet ... 50 parts 

Distilled water 100 parts 

Acetic acid .... 10 parts 
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Stain the sections in this solution in the warm incubator 
for twenty-fouf hours. Biuse well in 1 per cent, acetic acid, 
pass through alcohol and xylol, and mount in bill sum. 


Spore Staining. 

When spore-bearing bacteria arc stained by the 
ordinary methods the spores are just tinted, or remain 
uncoloured with the outlines more or less stained. 
This seems to be due to the fact that the spores are 
surrounded with a slightly permeable membrane which 
inhibits the entrance of the staining agent. Hy staining 
by some method which causes the penetration of the 
stain, and then cautiously decolorising, it is possible to 
remove the colour from everything except the spores, 
the impermeable membrane of which in the sumo way 
prevents the full action of the decolorising agent. 

(a) Simple method .—A film is prepared in the ordinary way. 
If a cover-glass, it. is floated on a watch-glass, or, if u slide, it 
is flooded with carbol-fuclisin, and the stain is warmed for 
twenty minutes. After lieing washed in water the prepara¬ 
tion is rinsed for a second or two in 1 per cent, sulphuric 
acid and again washed at once in water. If there is still a 
good deal of the red colour remaining, the film may 1 ns once 
more rinsed in the acid, but if nearly colourless it, should lie 
mounted in water and examined with the J-in. objective. If 
the spores alone are well stained the preparation may Iks 
counter-stained with Lbffler's methylene blue for two t<» five 
minutes, washed, dried, and mounted. If, however, the bacilli 
as well as the spores retain the red colour, the preparation 
must be further decolorised in the acid, while if everything 
has keen decolorised, it may lie re-stained with warm carbol- 
fuchsin. 

The spores sometimes Btain better if the preparation be 
fixed by passing through the flame twelve times instead of 
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three, as is usual. To obtain good preparations and ones 
showing the spores in situ, the specimens should be made as 
soon as spores have definitely developed in the cultures. 

Spore staining often requires a good deal of patience, and 
in many instances it is difficult to obtain a satisfactory pre¬ 
paration by this simple method, in which case that of Moeller 
should be made use of, and rarely fails. 

(6) Moeller '» method .—Prepare the cover-glass or slide 
specimen in the ordinary way. Treat with absolute alcohol 
for two minutes, and then with chloroform for two minutes. 
Wash in water and treat with a 5 percent, solution of chromic 
acid for two minutes, wash, and then stain with warm carbol- 
fuclisin for ten minutes. Wash, decolorise carefully in 1 per 
cent, sulphuric acid, again wash, and counter-stain with 
Loffler’s methylene blue for one minute; wash, dry, and 
mount. Some organisms, such as the B. meaentericus, stain 
better if treated with the chromic acid for five to ten 
minutes. 


Flagella Staining. 

Many organisms possess delicate protoplasmic pro¬ 
cesses—flagella—in greater or less number ; but these - 
are not visible when the organism is examined in the 
living condition (except by the nso of dark-ground 
illumination), nor when the ordinary staining methods 
are employed. In order to demonstrate them it is 
necessary to make uso of some special method, in 
which a mordant is essential. One of the earliest 
devised was that of Loffler, which with care gave fair 
results. It is not, however, nearly so satisfactory as 
Borne more recent ones, so is omitted. 

For all methods of flagella staining the cover-glasses 
or slides must be absolutely clean, the cultures recent, 
and the growth sufficiently diluted to obtain the 
organisms in an isolated condition. 

(a) ^Stephen*' a method .—This is a modification of the well- 
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known Van Ermengen method, 1 and has been communicated 
to the writer by Dr. J. W. W. Stephens. 

To clean elides .—Bub the slides with a clean cloth and 
place on a piece of clean wire gauze and heat with a smokeless 
flame for soipe minutes (by this means grease is completely 
removed). Remove the slides when cool, not ltefore. 

To make the emulsion .—All methods aro unsatisfactory. 
Rub a little of the culture in a small drop of hip-water in a 
watch-glass. Then transfer a drop with the smallest possible 
platinum loop to a minute drop of water on the slide. Mix 
and spread with the platinum wire as quickly as possible. 
The film thus made should dry immediately if a small drop 
only of water has been used. 

Age of the culture .—A twenty-four hours’ culture does quite 
well (a younger one is perhaps letter, but flngellu can be 
shown for a week or fortuight or more). 

I. The mordant: 

Osinic acid, 2 per cent. 1 part. 

Tannic acid, 20 per cent, watery 

solution . 8 or 4 parts 

II. Silver solution: Silver nitrate. 1 per cent. 


III. Gallic acid, 2 per cent, solution 1 part 

Ammonia fort.1 part 

To be mixed before using and to Ikj used immediately. 


To stain .—Place the mordant on the film for one or two 
minutes or less (time unimportant). 

1. Wash in tap-water thoroughly. 

2. Shake off as much water as possible. 

8. Place a few drops of silver nitrate on the slide for a few 
seconds or longer. 

4. Shake off all excess. 

5. Allow one drop of the ammonia-gallic solution to fall 
on the' middle of the slide from a small pipette. A wave 
spreads away from the centre to each end of the slide. As 

1 Centr.f. Bakt., xv, 1884, p. 089. 
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soon as the film is seen standing out clearly and black in the 
centre (in a few seconds), wash off in tap-watefr. 

• 6. Add again a drop or two of the silver solution and allow 
it to act for half a minute or tlierealiouts. 

7. Wash in tap-water, blot, and dry over the .flame, 

8. It is best not to mount in balsam or in cedar-wood oil, 
as the preparations rapidly fade in these. 

If done with any care, the film should now appear black 
and distinct to the naked eye with no precipitate, and the 
flagella will lie found to lie stained distinctly and intensely 
with hardly any ground substance, or at least insufficient to 
interfere with a clear view of them. 

(b) Pitfield'a method .—Two solutions are freshly prepared : 

a. Saturated aqueous solution of alum . 10 c.c. 

Saturated alcoholic solution of gentian 

violet ...... 1 c.c. 

b. Tannic acid ...... 1 grm. 

Distilled water ..... 10 c.c. 

The solutions should lie made with cold water, filtered, 
and preserved in separate bottles. For use equal quantities 
are mixed together. The specimens are flooded with the 
mixture and held over the flame until it nearly boils; they 
are then laid aside, with the hot stain on them, for one 
minute, and are finally washed in water. After washing, the 
preparations are flooded with anilin gentian violet for one 
second, washed in water, dried and mounted. 

(e) MeCrorie'e method ' (modified by Morton *).—Prepare 


the following solutions: 

a. Tannic acid .... 1 grm. 

Potash alum ..... 1 grm. 

Distilled water .... 40 c.c. 

b. “ Night ” blue.0‘5 grm. 

Absolute alcohol .... 20 c.c. 

Mix and filter. 


1 Brit. Med. Journ., 1897, vol. i, p. 971. 

* Trane. Jenner Inst. Prev. Med., vol. ii, p. 242. 
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Preservation of Specimens 

The prepared slides are stained with this solid ion (which 
should always be filtered before use) for two minutes, the 
solution being changed two or three times, washed gently in 
running water, and then counter-stained in nniiin gentian 
violet for one*to two minutes, washed, dried, and mounted. 

Preservation of Cultures. 

Gelatin and agar cultures may be satisfactorily preserved 
by submitting them to the action of formaldehyde vajamr for 
some hours by soaking the wool ping of the culture tills* in 
formalin and plugging the tube witli it. The tuls* may then 
be sealed with gutta-percha tissue, sealing-wax, or paraffin wax, 
or best of all in the blowpipe flame. Plate cultivations may 
also be exposed to the vapour and the lid of the dish afterwards 
cemented on, or the cultures may Is* made in the Hat bottles 
(“ Soyka’s bottles ”) devised for the purpose, and after 
development treated like tuls* cultures. 


Preservation of Pathological Specimens. 


These may be*preserved in the ordinary way in spirit, but 
a much better method, l»y which the natural colour of the 
specimen is retained, is the following. The specimens are 
first washed in water, and then placed in the following solu¬ 
tion for twenty-four to forty-eight hours : 


Formalin 
Sodium chloride 
Sodium sulphate 
Magnesium sulphate 
Tap-water 


t> parts 

1 part 

2 parts 
2 parts 

100 parts 


After being taken from the formalin solution the specimens 
are placed in methylated spirit for ten minutes, and then in 
a fresh bath of methylated; in this the colour to a large 
extent returns, and they should be carefully watched and not 
allowed to remain in it for more than an hour. They are 
then mounted in the following mixture: 



122 Manual of Bacteriology 

Glycerine.400 c.c. 

Potassium acetate .... 200 grin. 

Water. 2000 c.c. 

A trace of formalin should be added to this. . 

The writer has preserved meat infected with 11. prodigioaus 
very satisfactorily by the following method. Slices were cut 
off and placed in the formalin solution given above for a few 
hours. They were then well drained and placed in suitable 
glass capsules. Ordinary nutrient gelatin was melted and 
sufficient poured in to cover the specimens, and when it had 
set a little formalin was poured on and allowed to remain for 
a few days. It was then poured off and the glass top 
cemented down. 

For further information on preparation of tissues, section 
cutting, staining methods, etc., see The Microtomist's Vade- 
Mecum,Bolles-Lee ; Practical Histology, Sehiifer; Methods of 
Morbid Histology and Clinical Pathology, Walker Hall and 
Herxlieimer; and Lehrbuch der Mikroskopischen Technik, 
Kawitz. 
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CHAPTER IV. 

METHODS OF INVESTIGATING MICROBIAL DISEASES-THE IN¬ 
OCULATION AND DISSECTION OF ANIMALS-II AN HI NO-T) KOI' 

CULTIVATION—INTEKLAME1.LAK FILMS—THE MICROSCOl’K. 

The systematic study of a condition dependent mi 
the activity of micro-organisms is in many instances no 
light matter. When only one or two forms are present 
and these are readily cultivated it may bo comparatively 
easy, but when there are many the investigation may 
become exceedingly complicated. The first stop to be 
taken is to ascertain by careful microscopical examina¬ 
tion the general characters of any organisms that may 
be present in the material, and their distribution both 
in the fresh condition and in stained perparations, and 
if possible at different stages of the disease. In 
disease conditions, for example, the blood and secretions 
may be examined both before and after death, but in 
the latter it must be remembered that soon after the 
fatal event adventitious organisms rapidly make their 
appearance, gaining access from the air and from the 
intestinal tract. If organisms be detected an attempt 
should be made to determine whether there is any 
predominant form and if this is constantly present at 
different stages. If organisms are found, it simplifies 
matters; but if not, it cannot therefore be said that 
they are absent, for they may be few in number,'and 
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consequently be missed in a microscopical examination ; 
or they may be confined to a particular locality or 
tissue, or are present only at one stage of the infection. 
In addition to the microscopical examination, cultures 
must be made on various media, those inedia being 
chosen which will probably be suitable for the growth 
of the organism present in the particular condition ; for 
example, in the examination of animal diseases, media 
rich in protein, such as blood-serum, peptone-agar, and 
gelatin, will bo the most serviceable. In the examina¬ 
tion of plant diseases, vegetable infusions prepared from 
the plant itself or from other sources, and enriched 
by the addition of vegetable proteins, and carbo¬ 
hydrates, should be chosen. In fermentations, beer- 
wort, grape or fruit juice, and saccharine solutions 
should be made uxo of ; while for the nitrifying orga¬ 
nisms, solutions containing nitrates and nitrites, salts 
of ammonia, urea, and asparagin will have to be 
employed. In addition, it will in most cases be 
advisublc, and in all safer, in order to isolate the 
various species, to make plate cultivations, either in 
Petri dishes (p. 79), or by streaking several sloped 
tubes of agar, etc. (p. 81). Having obtained pure 
cultivations it will be necessary to determine the species 
of organism, 1 if it has been previously isolated and 
described, or to give a careful description of it, if it be 
a new one, for the use of subsequent investigators. In 
the identification or description of an organism all the 
following features must be carefully noted : 

1 The descriptions of a Luge number of species of bacteria have 
been collected and tabulated in convenient form by Chester in A 
Manual of Determinative Bacteriology (Macmillan & Co., 1901). The 
terms he suggests for describing bacterial growths, etc., might well 
be adopted by bacteriologists. A committee of the Society of 
Ameriuan Bacteriologists has drawn up an elaborate chart for the 
description of Bpeoies of organisms. 
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1. The morphology of the organism under various con¬ 
ditions, its si®, form, and motility, the presence of flagella, 
and their number, arrangement., ami character. 

2. The presence or absence of spore formation, its nature, 
the conditions under which it occurs, and any ]>eciiliaritics in 
the germination of the spores, and their size and location in 
the cell. 

3. The peculiarities of staining, and the staining reaction 
with Gram’s and the Zielil-Neelsen methods. 

4. The characters of the colonies in gelatin, agar, and other 
media, both surfaee and deep. 

5. The characters of the growth on a variety of culture 
media at different temperatures -for example, for a pathogenic 
organism, on blood-serum, agar, and gelatin (surfitccand stab 
cultures), in broth and on potato : lirpicfnetiou or not of the 
gelatin; the growth in milk, with or without, curdling, ami 
the reaction therein; ami the fermentation reactions on 
carbohydrates, glucosidcs, alcohols, etc.; the nature ol' the 
gas, if any, formed therefrom, and the H •. CO> ratio. 

6. The behaviour towards oxygen — is it. aerobic or 
anaerobic ? 

7. The range of growth at different tomi>eruturcH. 

8. The reducing power by growing in litmiiH broth which 
becomes decolorised, or by t.lic formation of nitrites in a 
solution containing nitrates. 

9. The production of indole with or without nitrites. 

10. The production of pigment and the conditions under 
which it occurs. 

11. The pathogenic action on various animals if it he a 
disease germ, or the changes which it produces if it l»e an 
organism connected with other conditions. 

12. The chemical changes wdiicli it induces. 

13 The thermal death-point and the action of germicides 
and antiseptics upon it (see Chapter XXII). 

For descriptive purposes, “ standard ” culture media 
should always be employed, and the acidity or alkalinity 
of the medium stated (p. 64). 
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It must never be forgotten that under cultivation the 
properties of organisms may be considerably modified, 
and due allowance must be made for this. For 
example, pathogenic organisms may lose their virnlence 
more or less completely, pigment production be lost, 
and fermentive action modified. An instance of the 
latter- is given by Percy Frankland; a bacillus isolated 
by him possessed the power of fermenting calcium 
glycerate, but after cultivation on ordinary gelatin it 
completely failed to do so (see also p. 6). 

To obviate these difficulties the organisms should be 
cultivated under as nearly natural conditions as possible 
and sub-cultivation avoided so far as can be. No 
general rule cau be given as to the duration of life of 
cultures on artificial media. Most organisms will 
retain their vitality for at least three or four weeks 
without being transferred to a fresh soil, some for 
many months; a few must be sub-cultured every week, 
or they will die out; while there are still a small 
number, such as leprosy and relapsing fever, which so 
far have rarely or never been cultivated. On the 
whole, organisms retain their vitality best on gelutin. 

For an organism to retain its virulence it is, as a 
rule, necessary to pass it through a susceptible animal 
at longer or shorter intervals, and to enhance the 
virulence recourse must be had to a succession of 
passages through susceptible and then less susceptible 
animals. In this way the virulence of organisms has 
been increased to a point far greater than is ever met 
with naturally, as in the case of the Streptococcus 
pyogenes. If an organism retains its virulence, even 
slightly, it is generally possible, by employing large 
doses, to enhance this by passage through a susceptible 
animal. Another method may also be adopted, namely, 
to inject along with it some other pathogenic form. 
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snch as the Streptococcus pyogenes ; the combination 
will kill the Animal, and the slightly virulent organism 
can be recdvered and will bo found to have increased 
in virulence. A third method is to inject the organism 
into a susceptible animal together with a lethal dose of 
toxin obtained from a virulent form of the same species, 
or with some substance, such as lactic acid, which 
lowers the vitality of the tissues. The slightly virulent 
organism will then be able to grow under the more 
favourable conditions, and a form which has become 
completely non-virulent can In* made to regain its lost 
virulence. 

Collodion sacks are now frequently used to study the 
action upon animals of the dialysable products produced 
by micro-organisms which do not form any appreciable 
amount of toxin in vitro, for cultivating species which 
are difficult to grow by ordinary methods, for studying 
the phenomena of infection when the micro-organisms 
are protected from the phagocytes, and for other 
purposes. A glass rod or small test-tube, according to 
the size desired, is dipped into a beaker containing the 
ordinary (not flexible) collodion, is then withdrawn and 
allowed to dry, and the process is repeated two or three 
times. In order to detach the collodion from the glass, 
the whole is dipped for a few seconds alternately into 
strong spirit and into water, the collodion loosens, and 
may be easily peeled off the glass. The sack may be 
sterilised by placing in a test-tube and heating to 
150° C. in the hot-air steriliser. 

For the inoculation of animals various methods may 
be adopted. In some cases, after clipping the hair, 
the organism may be introduced by rubbing into the 
skin after scarification, or, a small incision having been 
made through the skin, a small quantity of a culture 
may be introduced on a platinum needle; or a broth 
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culture or an emulsion, made with sterilised water or 
broth, may be injected with a sterilised syringe 
subcutaneously, intra-peritoneally, or into the muscular 
or other tissues or organs as required, since the seat of 
inoculation may liavo to be varied for the different 
species to produce their pathogenic effect. For 
injection purposes a syringe like an antitoxin syringe, 
t. e. with asbestos or metal piston and glass barrel that 
can be boiled, may be used. Several sizes are kept in 
stock, 1 c.c., 2 c.c., and 5 c.c. at least being required. 
An all-glass syringo is a still better form, but is 
expensive. For accurate dosage, tho piston-rod should 
be graduated and have a nut travelling on a screw up 
and down it. Before use the syringo with the needle 
should bo boiled for ten minutes to sterilise it; after 
use it may be well rinsed and* again boiled. The 
needles should be wiped dry and a wire inserted, or 
they may be kept in a bottle of xylol. 

Guiriea-pigs and rabbits are usually inoculated in the 
thigh or abdomen ; mice in the dorsal region or at the 
root of the tail (dorsally), the hair being clipped, and 
the skin disinfected, but this is not generally necessary. 

* Numerous mechanical holders have been devised for 
animals, but are not as a rule required. Rabbits may 
be inoculated intra-venously by one of the large veins 
in the ear. The ear is shaved, and the skin is well 
washed with a little alcohol with vigorous rubbing; 
the base of the ear is lightly pinched so as to obstruct 
the venous but not the arterial circulation, and render 
the vein prominent, and the injection is made with a 
small syringe fitted with a fine needle, the needle being 
passed into the vein towards the base of the ear. 
After the withdrawal of the needle the wound is 
compressed for a little and may be dressed with some 
antiseptic wool and collodion. 
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The phenomena occurring after inoculation must be 
noted. Usually these are not very obvious in the 
rodents, but loss of appetite, sluggishness, staring coat, 
convulsions, etc., may be observed. The weight of the 
animal is a good index of what is happening, if the 
infection is serious, the weight rapidly falls; if the 
animal is to recover, its weight soon begins to increase 
after the preliminary fall. The teniperaturo in the 
rectum may also be taken, but is not so valuable, as in 
the guinea-pig variations occur from mere handling or 
other slight causes. The temperature of the guinea-pig 
averages 38‘6°, but varies between 3(5° and 39° C. (Kvre). 

The examination of the dead animal should be carried 
out with as little delay as possible. For dissection, the 
body should be pinned out on the back on a board, 
which may stand in a shallow enamelled iron pan, by 
pins or nails through the feet, and the abdomen well 
soaked with antiseptic solution, not so much to sterilise 
the skin as to prevent the hair from getting into the 
incision; to obtain complete sterilisation of the skin, it 
is preferable to clip or shave the hair and then sear 
with a red-hot iron. Knives, forceps, scissors, etc., 
should be well boiled in an enamelled-iron mug or pie- 
dish, the water being kept boiling during the progress 
of the dissection and the instruments rinsed from time 
to time in it. A little sodium carbonate may with 
advantage be added to the water. A small enamelled- 
iron fish-kettle with perforated strainer forms an 
excellent steriliser for instruments, or a surgical instru¬ 
ment steriliser may be used. An incision is made and 
the skin well reflected and pinned out; the knife and 
forceps should then be re-sterilised, or fresh sterile in¬ 
struments taken, for the deeper incision and opening 
the body cavities ; these again must be re-sterilised, or a 
third set of instruments employed for incising the organs. 

9 
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During the progress of the dissection the condition 
of the tissues at the seat of the inoculatiSn should be 
noted, and likewise the conditions of the serous 
membranes and the various organs. In many diseases 
the organism is met with most abundantly in the spleen, 
in others in the blood, and in some at the seat of 
inoculation. When a systematic examination is made, 
film specimens and cultures on two or three media, 
aerobic and anaerobic, should be prepared from the seat 
of inoculation, the spleen, liver, lungs, and lieart-blood, 
and in some cases from the serous membranes, muscles, 
or central nervous system in addition, the carcase 
being in the intervals covered with a bell-jar which has 
been rinsed in, or with filter-paper moistened with, 
antisoptic solution. An assistant is often useful or 
evon necessary. The greatest care must be taken to 
avoid dropping or splashing or otherwise disseminating 
infective material, any stains being immediately 
swabbed np with antiseptic solution; and the operator 
must exercise every precaution to prevent the infection 
of himself and others. It is convenient to have some 
efficient antiseptic solution near at hand ; it may be 
kept in a large bottle on a wall bracket and drawn off 
■ as required by a syphon tube provided with a tap or 
spring clip. The most generally used antiseptics are 
5 per cent, carbolic, and 1—500 corrosive sublimate, 
but 2 per cent, cyllin or kerol or 3 per cent, lysol is 
oheaper and more efficient. The access of flies to the 
carcase must also be guarded against, as they might 
carry infection. When finished with, the carcaso 
should be efficiently disinfected and disposed of without 
delay, preferably by burning it, together with the 
board on which it has been pinned out. 

If the carcase be left, especially in warm weather, 
for even a few hours before the examination is carried 
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out, the tissues are liable to become invaded and 
infected by organisms from the respiratory and digestive 
tracts. In the post-mortem room, infection of the tissues 
is very common ; out of fifty cases, Symes 1 found only 
seventeen to be sterile. Ford states that even in normal 
animals, killed and immediately examined, bacteria are 
present in 70 per cent, of the internal organs.* 

When the blood of an animal is required several 
expedients may be adopted. If tlio animal is not 
needed for furthor experiment, it may bo decapitated 
and the blood collected in a porcelain dish ; but if a 
sample only is wanted, and the animal has to bo 
further treated, as in antitoxin work, it may be bled 
from the, carotid, the vessel being afterwards ligatured. 
In the rabbit a small artery passes superficially across 
the inner aspect of the thigh ; this permits of the 
withdrawal of a small quantity of blood without the 
necessity of an operation such as is required to expose 
the carotid. The simplest method of all is to introduce 
the fine point of a piece of glass tubing, drawn out anil 
bent to a convenient angle, or the needle of a syringe, 
into one of the ear veins and aspirate the blood into it. 
Or the vein may be punctured and tlio blood allowed 
to drip into a small tube. 

Blood may be obtained from a patient for the 
agglutination reaction, for microscopical examination, 
or for culture experiments, by pricking the finger or 
the lobe of the ear with a sterile needle, preferably a 
flat one of the " Hagedorn ” type, or with half a steel 
pen (nib) or a glass point ; for disinfection, the skin 
may be rubbed with a little alcohol or ether. The 
blood may be collected in vaccine tubes, small bulbous 
tubes (Fig. 7, p. 51), or Wright's tubes (Fig. 35, p. 225). 

1 Lancet, 1890, vol. i, p. 306. 

* Joan, of Hygiene, voL i. No. 2,1901, p. 277. 
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Organisms, in natural infections in man, are usually 
present only in small numbers in the blood, and for 
demonstrating them by culture methods it is necessary 
to withdraw 2—5 c.c. from a superficial or deep vein by 
means of a sterile syringe under aseptic conditions, 
and to inseminate broth tubes or agar plates each with 
| c.c. of the blood. 

Although the modem methods of isolation and cultivation 
have rendered immense service to bacteriology, they have also 
had the effect of diminishing the attention paid to the exact 
morphology and biology of organisms. At the present time 
there is a tendency to investigate bacteria en ma»»e rather 
than to study them as individual living forms, and the 
following remarks by the late Marshall Ward 1 majr be aptly 
quoted in this connection : 

“ We must remember that De Bary and Brefeld had aimed 
at obtaining a single spore isolated under the microscope, 
and tracing its behaviour from germination continuously to 
the production of spores again ; and when we learn how 
serious were the errors into which the earlier investigators of 
the mould fungi and yeasts fell, owing to their failure to trace 
the development continuously from spore to spore, and the 
triumphs obtained afterwards by the methods of pure 
cultures, it is not difficult to see how inconclusive and 
dangerous all inferences os to the morphology of such minute 
organisms as bacteria must be unless the plant has been 
so observed. As a matter of fact, the introduction and 
gradual specialisation of Koch's method of rapid isolation of 
colonies encouraged the very dangers they were primarily 
intended to avoid. It was soon discovered that pure cultures 
oould be obtained so readily that the characteristic differences 
of the colonies in the mass could presumably be made use of 
for diagnostic purposes, and a school of bacteriologists arose 
who no longer thought it necessary to patiently follow the 


1 y«tnn, vol. lvi, 1887. p. 488 et teg. 
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behaviour of the single spore or bacillus under the microscope, 
but regarded fit as sufficient to describe the form, colour, 
markings, and physiological changes of the bacterial colonies 
themselves on and' in different media, and were content to 
remove specimens occasionally, dry and stain them, and 
describe their forms and sixes as they appeared under these 
conditions. To the botanist, and from the point of view of 
scientific morphology, this mode of procedure may lie 
compared to what would happen if we wen* to franio our 
notions of species of oak or Itecch according to their 
behaviour in pure forests, or of a grass or clover according to 
the appearance of. the fields and prairies composed more or 
less entirely of it, or—and this is a more apt comparison, 
because we can obtain colonies as pure as those of the 
bacteriologist—of a mould fungus according to the shape, 
size, and colour, etc., of the patches which grow on bread, jam, 
gelatine, and so forth.” 

Examination in the Fresh 5tate. 

One essential procedure in the invest i gat inn of an 
organism is its examination in the fresh and living con¬ 
dition. This may be done by placing a droplet of sterile 
water, brotli, or salt solution on the slide, inoenlating 
with a trace of tho organism or growth, and covering 
with a cover-glass and examining microscopically. The 
action of stains and reagents on the organisms may ho 
observed by the irrigation method. A drop of tho 
stain or reagent (c. Fig. 21) is placed on t lie slide. A, just 
in contact with one margin of the cover-glass, b, and 
is drawn through the preparation by means of a small 
piece of filter-paper, n, placed on tho other side, a torn 
margin touching the film of fluid at one edge of the 
cover-glass. 

The filter-paper absorbs the fluid from under the 
cover-glass, leaving the cells and other particles behind, 
and at the same time the reagent on the opposite side 
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flows under tjie cover-glass to take the place of the 
absorbed fluid. Afterwards the excess of the reagent 
or stain may be washed away by running in water 
under the cover-glass in a like manner. Care must be 
taken that no fluid gets on to the upper surface of the 
cover-glass, which must always be kept dry. The 
advantage of this method is that it may be applied 
while the specimen is being examined under the 
microscope, and the action of the reagent on a particular 
cell or granule can, with a little care, be watched. If 
the colls be large and it is desirable to avoid pressure 
of the cover-glass, a fine hair or bristle may be so placed 



Km. 21.—Method of irrigation. 


on the slide that when the cover-glass is lowered one 
edge rests on it. If the specimen has to be kept for 
any length of time, the film of fluid will before long 
evaporate and the preparation become dry. To prevent 
ting a ring of oil or vaseline may be painted round the 
margin of the cover-glass so as to seal it to the slide. 

A simple method for keeping organisms under 
examination for a lengthened period of time, and of 
watching their growth and development, is by the use 
of hanging-drop preparations. To prepare a hanging 
drop, a ring of vaseline is painted round the margin of 
the hollow of a liollow-gronnd slide (or other cell, see 
below). A cover-glass is sterilised by flaming in the 
Bunsen, care being taken not to heat sufficiently to 
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melt it. A droplet of some sterile fluid medium—water, 
broth, wort, efhgar solution, etc.—is then placed in the 
centre of the cover-glass with a sterile platinum loop. 
This droplet is then inoculated with the organism 
which is to \>e observed, care being taken not to add 
too many organisms—a few isolated organisms ami 
small groups in each field is what should be aimed at. 
The vaselined cell is now taken and turned over, so 
that the ring of vaseline is downwards, and is then 
placed on the cover-glass, in such a way that the 
droplet is situated in the middle of the hollow, but not 
touching the slide at any point. The cover-glass 
adheres to the slide by means of the vaseline, and on 
quickly inverting the whole, so that the fluid has no 
time to run, it will be found that the droplet is hanging 

Fio. 22.—Hangiiuf-drop preparation. 

from the under surface of the cover-glass in a cell 
which is hermetically sealed by the vaseline, and 
evaporation is thus rendered impossible (Fig. 22). 
Such a preparation, in fact, can be kept for a week or 
ten days in a warm incubator without drying up. 
Great care must be exercised in examining a hanging- 
drop specimen microscopically, especially with the 
immersion lenses, for the slightest pressure breaks the 
unsupported cover-glass. It often saves time first to 
centre the drop with the low power before examining 
with the immersion lens; an ink or pencil dot at the 
margin of the drop aids focussing. The light must be 
diminished by closing the diaphragm, lowering the 
condenser, etc. (p. 140), and artificial light is generally 
preferable to daylight. The central parts of the drop 
only should be examined, not the margin. 
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Instead of hollow slides, various devices may be 
employed to form the cell. Metal, glas^ or vulcanite 
rings, or rings cut out of thin sheet lead, tin-foil, card¬ 
board, or two or three thicknesses of paper or filter- 
paper may be cemented on to slides with vaseline, 
Hollis’s glue, gold size, or Canada balsam, or even a 
thick ring of vaseline may be used. 

The only certain method for ascertaining whether 
an organism is motile or not—often an important clue 
to its identification—is by the use of hanging-drops. 
Actively motile organisms may frequently be met with 
in a resting stage, although still alive, and various 
factors may bring about this condition, such as old age, 
exhaustion of nutriment, excessive heat or cold, electric 
shocks, and the like. The absence of movement of an 
organism in a specimen prepared from an ordinary 
culture, particularly if more than a day old, does not 
necessarily provo that it is nou-motile. A hanging-drop 
should bo prepared with a nutrient medium (the best, 
perhaps, is glucoso broth) and placed under conditions 
of temperature, etc., favourable to the growth of the 
organism, and examined after an interval of an hour 
or so, or better still at intervals of half an hour for 
three or four hours. In this time the old cells will 
revivify, and new ones will have been produced, and if 
the organism be a motile one, more or less active move¬ 
ment of some of the cells is almost sure to be observed. 
It is necessary to beware of two fallacies in connection 
with motility—not to mistake for it the so-called 
Brownian movement, which is a vibratory one back¬ 
wards and forwards about one point, and common to 
all fine particles suspended in a fluid; and not to be 
misled by a flotation of the cells due to currents set up 
. in the fluid from some cause or other—all the particles 
then tending to move in the same direction. 
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Another purpose for which the hanging-drop cultiva¬ 
tion may be Employed is that of obtaining a permanent 
record of the various phases through which an organism 
may pass during its development. If a number of 
these cultivations be made, say twenty, in an exactly 
similar manner, and afterwards kept under identical 
conditions, and if at the end of every half-hour one of 
the preparations be taken, its cover-glass carefully re¬ 
moved, and the droplet dried and stained, a permanent 
record of the life-history of the organism is obtuined 
extending over ten hours. 

Various more elaborate forms of colls for hanging- 
drop preparations can be obtained, some being provided 
with inlet and exit tubes for the passage of various 
gases. For anaerobic preparations cells are made 
having a groove at the bottom into which a mixture of 
pyrogallic acid and potash is introduced. 

The observation of hanging-drop cultivations at 
blood-heat can be carried out on some form of warm 
stage. 

Interlamellar films . 1 —Another method of investi¬ 
gating the life-history of organisms, especially moulds 
and protozoa, is by means of interlamellar films. A 
glass slide 1J by 3 in. is sterilised in the Hansen 
flame, and while hot three small drops of sealing-wax 
are placed on it, so arranged that they form the apices 
of an equilateral triangle, the side of which measures 
about one inch, and a drop of sterile nutrient medium 
is deposited between them. A cover-glass of about 1J 
in. in diameter is then sterilised in the Bunsen flame, 
a droplet of a suitable nutrient medium is placed upon 
it and inoculated with the organism to be observed, and 
the prepared cover-glass is picked up with sterilised 
forceps, inverted, and lowered on to the slide. The 
1 DcUpine, Lancet, 1891, vol. i, June 13th. 
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nutrient medium is thus ^contained between the slide 
and the cover.glass, and|£by using a hot* wire, and so 
softening the sealing-wax, it can be spread out to form 
as thin a layer as desired. The preparation is kept in 
a moist chamber to prevent evaporation,* and can be 
studied when required. 

The Microscope. 

A bacteriological microscope should be of the 
monocular form, and have a rack-and-pinion coarse 
adjustment and an efficient fine adjustment. The stage, 
preferably of vulcanite, should be large and roomy and 
quite plain, with two or more holes at its margin to 
recoive spring clips for fixing the slide. For the 
ordinary examination of specimens a mechanical stage 
is not needed ; in fact it hampers that freedom of mani¬ 
pulation which is so useful for the rapid examination of 
a specimen. For some purposes a mechanical stage is 
very useful, and for a critical survey of the whole of a 
specimen, e. g. a blood-film, it is essential. A detach¬ 
able form is % to be preferred (Fig. 23), so that, if 
required, the stage may be free for the examination of 
plate cultivations, etc. 

A sub-stage condenser is essential for all work in 
which high powers are employed, and also enhances 
the value of low powers. It consists of a system of 
lenses below the stage, by means of which the light is 
concentrated on the object. It should have a rack-and- 
pinion, or a screw, adjustment for focussing, and be pro¬ 
vided with some form of diaphragm for modifying the 
light, preferably an “ iris." The condenser muBt be 
centred—that is, adjusted so that its optical axis corre¬ 
sponds with the optical axis of the objective; and for 
this purpose it is usually provided with two lateral 
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screws working at right angles to each other, by means 
of which its position relative to the optical axis can bo 
altered. In order to centre, a diaphragm with small 
aperture is used, and the hole in the diaphragm* is 
focussed with* a low power ; then, by means of the lateral 
screws, this hole is brought into the centre of the field. 
Uelow the sub-stage condenser a mirror with concave 
and plane surfaces should be fitted, the jtlunr surface 
being used with the condenser, as a general rule. 'Hie 



Via. 23.—Swift’s th-taduiMo lms-lmniral stage. 


concave mirror may be used for illumination with low- 
power objectives, the condenser being detached or 
swung out of position. The necessity for careful 
illumination must be insisted upon ; in fact, to obtain 
the best results the light should be readjusted for 
every specimen by mirror, diaphragm and condenser, 
t. e. *' critical ” illumination should be aimed at. A 
good specimen may be utterly spoilt, visually, by faulty 
illumination ; while an indifferent one may be made to 
look passable by proper illumination. In the examina¬ 
tion of micro-organisms in the fresh or living and 
unstained condition, it is necessary, an a rule, to 
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diminish the light by means of .a small diaphragm, or 
by racking down the condenser, or by bSth; while for 
stained or opaque objects the full aperture of the 
diaphragm, or thereabouts, may generally be employed. 
It must be remembered, however, that the resolving 
power of a lens (see below) is diminished by closing 
the diaphragm and by throwing the condenser out of 
focus; tlio illumination then becomes “noil-critical.” 
For fine .work, if the illumination is too intense, this 
should be diminished by diminishing the source of light 
or by interposing a coloured screen, such as Gifford’s, 
which consists of a cell containing a solution of malachite 
greon in which is inserted a piece of green signal 
glass. Coloured glass may also be interposed. The 
microscopist should accustom himself to examine speci¬ 
mens both by daylight and by artificial light; hanging- 
drop specimens are usually best seen with the latter. 
For artificial light, probably nothing surpasses a 
paraffin lamp with lint wick, the edge of the flame being 
always usod, while to obtain the best results the mirror 
should be removed, and the flame used direct by 
elevating and tilting the microscopo somewhat. For 
tho finest work, daylight illumination is inadmissible. 
An admirable form of electric lamp is the “Barnard,” 
made by Messrs. Swift & Son, the source of illumina¬ 
tion being a Nornst lamp. For ordinary routine 
work, an incandescout carbon or metal filament 
electric lamp, a Nernst lamp, or an argand or in- 
candescent gas burner may be used. Various devices 
have been introduced for the employment of mono¬ 
chromatic illumination, e. g. the quartz mercury vapour 
lamp by Barnard. 

With the filament, Nernst, or incandescent gas, lamps, 
the image of the filament or mantle is ttoublesome 
when the condenser is in focus; this may be obviated to 
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some extent by tlif use of frosted bulbs or by inter¬ 
posing a soften bf fine ground glass, by the use of 
Gordon’s glass rod illuminator, or by interposing a 
spherical flask filled with water or dilute copper 
sulphate solution. Incandescent bulbs may be frosted 
by dipping in a 15 per cent, solution of caustic soda 
and allowing to dry. 

Two eyepieces are sufficient, and the lower-power 
ones ai*e to be preferred, such as the b and o of the 
English, or the 2 and 3 of the Continental, makers. 
Although increased magnification can be obtained by 
the, use of a high-power eyepiece, if is at the expense 
of definition, the image losing its sharpness, because 
the eyepiece magnifies the image formed by the 
objective, and any imperfections in the latter are made 
more apparent, so that the use of very high eyepieces 
is not to be recommended, except with the finest lenses; 
moreover, as will be pointed out later, it is useless to 
increase the amplification beyond a certain point. 

With regard to the length of the tube of the micro¬ 
scope, this differs in the English and Continental 
systems. The standard English tube-length is 8'75 
in., the Continental is 6‘3 in., and is usually 
adopted, but the longer tube gives greater amplification. 
The tube of the microscope is generally provided with 
an inner, or draw-tube, by means of which its length 
can be nearly doubled; this gives increased amplifica¬ 
tion, but at the expense of definition, at least with the 
higher powers which are corrected or adjusted for a 
definite tube-length. 

The lenses or objectives must next be considered. 

For powers higher than the •jj-in., or thereabouts, 
it is advisable, for many reasons, to employ thu immer¬ 
sion system of objectives. With these lenses a drop 
either of water, in the water-immersion system, or of 
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cedar oil, in the oil-immersion one, is placed on the 
covev-glass, and the objective is racked down so that 
its front lens touches and is immersed in either the 
water or oil, as the case may be. . It is a good plan 
then to raiso the objective very slightly 'by means of 
the coarse adjustment, still, however, keeping it in 
contact with the drop of water or oil. The observer 
then, looking down the microscope, very cautiously and 
gradually racks down again with the coarse adjustment 
until the object comes into view, and finishes the 
focussing with the fine adjustment. The fine adjust¬ 
ment should only be used after the object has been 
brought into view by means of the coarse adjustment. 
After the examination has been concluded for the day, 
the leps should be carefully wiped with a soft rag, or 
preferably with a piece of soft Japanese paper, to 
remove the water or oil. If the oil should happen to 
dry on the lens, it may be removed by wiping with a 
soft rag or Japanese paper moistened with xylol, quickly 
drying with another rag or paper. Instead of cedar- 
oil, a liquid paraffin has also been used. 

The (2 mm.) oil-immersion lens is the one 

usually selected. It combines sufficient magnification 
for most purposes, with adequate working distance for 
convenience in using. If expense is not an object, the 
Zeiss & in. (3 mm.) apochromatic oil-immersion lens is 
a very fine one for general use. By means of the 
compensating oculars sufficient magnification can be 
obtained, while the working distance is greater, the 
field is larger, and the penetrative power is greater 
than with the in. lens. 

The immersion system of objectives has many advantages: 
.the loss of light is less, the distance between the cover-glass 
and the front of the objective—the working distance, as it is 
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termed—is greater, and more can be seen with an immersion 
lens than with J dry lens of equal magnifying power. This 
can be best illustrated by means of two Bimple diagrams. 

In Fig. 24 let c d represent the surface of a fluid, either 
water or oil, and let a b be drawn perpeudicular to this 
surface, and cutting it at y. Let r y represent a ray of light 
proceeding from a rarer medium, such as air, into a denser 
one, water or oil. As is well known, this ray when it. enters 
either the water or the oil does not. continue in the same 
direction, but is “ refracted ” or lient nearer tin* itcrpeiidicular 



vr o £ 

Fig. 24.—Diagram to illustrate the refraction of light. 


• a b, the bending being more marked with oil than with water. 
Thus we may suppose that, the direction of the ray in water 
would be represented by the line y w, and in oil by the dotted 
line y o. Conversely, a ray of light proceeding from a denser 
medium into a rarer is bent, away from the perpendicular, and 
the rays w y in water, and o y in oil, would, on emerging into 
air, proceed in the direction y r. 

In Fig. 25 (which for convenience is drawn somewhat out 
of proportion) let s represent an ordinary glass micro-slide, x 
a layer of Canada balsam in which the object is mounted, 
and covered with the cover-glass o, while t. is the objective 
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with its front lens. Let the object be illuminated by the ray 
of light Y y ; this on entering the glass of the slide and the 
Canada balsam will be refracted or bent nearer the perpen¬ 
dicular and will proceed in the direction y t. Canada balsam, 
and also cedar oil, produce about the same amount of 
“ refraction,” or bending of a ray of light, as crown glass, 
and hence these three substances—crown glass, Canada 
balsam, cedar oil—are said to have the same “ refractive index,” 
and, consequently, the glass of the slide, the Canada balsam, 



objective. 

and the cover-glass act as one homogeneous medium, and the 
line y t is a straight one. In the first place, let us suppose 
tliat the objective l is a dry one, having a layer of air between 
its front lens and the cover-glass; then the ray of light, on 
emerging from the cover-glass into the air, is now bent 
away from the perpendicular and pursues a direction practi¬ 
cally parallel to its former one, represented by the liue t to, 
’ and misses the lens altogether—the lens is unable to take it 
up. If, however, we suppose that our objective is an oil- 
immersion one. and that a drop of cedar oil takes the place 
of the layer of air between the cover-glass and the front lens 
in the foregoing example, then the glass slide, Canada balsam. 
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cover-glass, cqfiar oil, and the front lens of the objective 
form practically one medium; they all have the same 
refractive index and produce the same amount of refraction 
or bending of a ray of light. Therefore the direction of the 
ray forms a straight line in all these, and the ray passes into 
the objective as is represented by the broken line t — v. 
More important still, however, is that which happens to rays 
which fall on the slide at a very oblique angle. In the same 
figure (Fig. 25) let e / represent such a ray ; on entering the 
slide it will be refracted, and its passage through the slide, 
balsam, and cover-glass may be represented by / k. As 
before, let us suppose that in the first place our objective is a 
dry one, and that we have a layer of air between the cover- 
glass and its front lens. In this case, if the angle which / k 
makes with the perpendicular is greater than about 30° 
or 40°, the ray, instead of emerging from the cover-glass iuto 
the layer of air, is totally reflected by the cover-glass and 
pursues a course roughly represented by k i», so that it never 
euters the objective. If, however, we employ an oil- 
immersion objective, with oil instead of air between the cover- 
glass and its front lens, then, as before, the slide, balsam, 
cover-glass, oil, and front lens of the objective form practi¬ 
cally one homogeneous whole, and the ray c f k, instead of 
being totally reflected, continues its course in a straight line, 
and is taken up by the objective, as is represented by the 
dotted line k — v. Hence we see that the same rays which 
are unable to enter a dry objective are admitted by an oil- 
immersion one, and that an oil-immersion lens can take up 
rays which fall on the slide at a very oblique angle. 

In order that these oblique rays may be present, ready to 
be taken up by the oil-immersion objective, it is necessary to 
employ a sub-stage condenser. It is only by means of a sub- 
stage condenser that a “ wide-angled cone of rays,” as it is 
termed, is obtained. Hence to make full use of an oil- 
immersion objective—to “ get most out of it ”—it is abso¬ 
lutely essential to employ a sub-stage condenser, and for the 
finest work a special “ oil-immersion condenser ” is employed. 

10 
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It will also be obvious that although a vg^ter-immersion 
objective admits more rays than a dry one, it does not admit 
so many as an oil-immersion. It must be pointed out, 
however, that Canada balsam, or some medium having the 
same or a higher refractive index, must be used for mounting 
to obtain the full advantage of the oil-immersion system. 
The oil-immersion can of course be used for examining 
objects mounted in water, etc., cedar oil being still used 
between the cover-glass and the lens. It is to be noted that 
a dry objective cannot be used as an immersion one, nor an 
immersion objective dry, as the construction differs in the 
two cases. 

Of late " dark ground illumination ” has been much 
employed, particularly for the examination of living objects. 
In this special condensers are used, the central rays passing 
through which are “ stopped out,” so that the object is 
illuminated only by very oblique rays and appears white on a 
dark background. A stop has also to be introduced into the 
objective, and slides and cover-glasses of special thickness 
together with brilliant illumination are necessary 


The lenses in the objective are formed by cementing 
together different kinds of glass in order to correct for 
" spherical ” and for “ chromatic ” aberration. The rays 
passing through tlio margin and the centre of a simple 
lens are not focussed at the same point, and a distorted 
image is the result; this is known as “spherical aberra¬ 
tion,” while the violet and red ends of the spectrum, 
being of different refrangibility, and a simple lens acting' 
like a prism, coloured fringes are observed; this is 
termed “ chromatic aberration.” The apochromatic 
system of objectives and eyepieces lias these defects 
very perfectly corrected by the use of special glass and 
fluorite, correction being partly effected in the objective, 

- and this is completed by combination with the special 
. eyepieces. The latter, termed “ compensating ocnlars,” 
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Resolving Power 

are therefor^ essential for perfect correction with 
apochroinatio objectives, but can also be used with 
ordinary lenses. For photographic purposes apoehro- 
matic lenses are far superior to achromatic ones. 
Apochromatic objectives aro, however, expensive, and 
though advantageous are not really necessary for 
ordinary bacteriological work. 

In consequence of certain optical principles, the 
“ diffraction ” theory, for details of which the reader 
must refer elsewhere, 1 it is useless to increase the 
magnifying power of objectives beyond a certain point; 
for, although the object viewed appears litn/rr, no more 
details of structure can be made out. 

The use of the immersion system increases the 
“ resolving power,” or the amount of detail which can be 
seen. Thus, if a number of fine equidistant parallel 
lines be ruled on a glass plate, it is impossible lo see 
with a dry lens, using white light,, more than about 
90,000 lines to the inch as isolated lines. If more are 
ruled they will not appear, ami practically nothing iH 
visible. Witli a water-immersion objective it is 
possible to see about 120,000 lines to the inch, and 
with an oil-immersion as many as 146,000 lines to the 
inch, as separate lines—a clear gain in resolving power 
in the latter case of about one half over a dry lens. 1 
As it is necessary, in order to see such fine structures 
as lines ruled 50,000 or more to the inch must be, to 
have considerable amplification in addition to resolving 
power, not much is gained, in ordinary work at any rate, 
by adopting the immersion system for the lower power 
objectives, such as the £-in. 

By the physical theory of microscopical visibility, it can 

1 See Carpenter on the Microscope, edited by Dallinger. (Churchill.) 

* These figures refer to lenses having a numerical aperture of 1"0 
(dry), 1-38 (water), and 1‘4 (oil). 
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be shown that objects haring a diameter of less than about 
O'16 n cannot be seen with the best optical appliances. If, 
then, a micro-organism is less in size than- this it could not 
be seen microscopically, and this fact may explain why it is 
that in certain undoubted infective diseases no thicro-organism 
has yet been isolated. Of the existence of such “ultra- 
microscopic ’’ organisms we have proof. The finest porcelain 
filters, such as the Chamberlaud B, do not allow visible 
particles to pass through, yet in several instances, if the 
infective material be filtered through such a filter, the filtrate is 
still infective. This is the case with the blood serum in yellow 
fever, Cape horse sickness, 1 dog distemper, hog cholera and 
swine fever, in bird and cattle plagues, and with the juice of 
bird molluscum. The organism of cattle pleuro-pneumonia 
is just on the limit of visibility. The rabic and vaccine 
viruses also seem capable of passing through a Berkfeld Y. 
These experiments do not necessarily prove that the organism 
in all stages is invisible. 3 Siedentopf and Zsigmondy have 
devised a method whereby ultra-microscopical particles may 
bo rendered visible, bnt inasmuch as they appear merely as 
luminous points, it is questionable whether the method will 
be of great service in bacteriology. 

There is no real necessity in bacteriological work for 
the immersion objective to be provided with a 
“ correction collar.” The “ correction collar ” is an 
additional screw in the objective by means of which the 
distance between some of its constituent lenses can be 
altered to “ correct ” for varying thicknesses of cover- 
gloss, etc., and though necessary with the higher power 
dry lenses, it is theoretically unnecessary with the 
immersion system. Nevertheless, as slight variations do 
occur in the various media, glass, oil, etc., and they may 
not form a truly homogeneous whole, for the finest 
work the correction collar is still desirable. So much 

1 Jo urn. Comp. Path, and Tkerap., vol. xiii, 1900, p. 1. 

1 Bee Roux, Bull, do I'but. Past., vol. i, 1903, pp. 1 and 40 Bemlinger,. 
ibid., vol. iv, 1900, pp. 337 and 385. 
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Measurement of Organisms 

>r the high-nower objectives. As regards the lower 
owers, which, of conrse, are dry, a $-in. and a J,- 
l. are generally selected. The jj-in. is a more 
erviceable lens than the 1-in. which is often recom- 
nended. A very useful accessory is a “ double ” or 
i triple nosepiece.” This consists of a light metal 
ramework, which is attached to tlio lower end of the 
ube of the microscope, on to which two or three 
jbjectives can be screwed. The framework can be 
rotated, thus bringing each objective in succession into 
the optical axis of the instrument, and the necessity 
for unscrewing and screwing on each time an objec¬ 
tive is changed is obviated. A microscope such as 
described, with sub-stage condenser, two eyepieces, a 
jj-in. and a in. dry and a ,'j-in. oil-immersion 
objectives, triple nosepiece, etc., complete in case, can 
be obtained for about tlo, and it is well to add another 
sovereign or two for superior finish. Both British and 
Continental firms supply microscopes arranged as 
indicated, and in this department tin* hnglish makers 
hold their own. 

The measurement of micro-organisms is carried out 
by means of a stage micrometer, alone*, or in combination 
with an eyepiece micrometer. The former consists of 
a scale of tenths and hundredths of a millimetre or 
hundredths and thousandths of an inch ruled in fine 
lines on a glass plate, by means of which the measure¬ 
ments can be made by focussing tlie scale under the 
inicroscopo. The stage micrometer is placed in position 
on the stage and the scale is focussed with the par¬ 
ticular ocular, objective, and tube length which are 
to be used. A drawing of the scale is made with a 
camera lucida; the micrometer is then removed and the 
object placed in position and a second drawing is 
made of the object on the scale already* drawn. A 
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simpler arid less expensive arrangement is to make use 
of a disc of glass ruled with equidistant fine lines, 
^liich can be placed in the eyepiece by unscrewing the 
top lens and dropping it on the diaphragm below. The 
value of the divisions in the eyepiece scale 1 is first ascer¬ 
tained by means of the stage micrometer. The stage 
micrometer is then removed and the object to be 
measured put in its place, and its dimensions are deter¬ 
mined by means of the eyepiece scale. With the eyepiece 
micrometer, the value of the divisions is first ascertained 
by means of the stage micrometer, which is then replaced 
by the object. If the objective or the eyepiece be 
changed the value of the divisions of the eyepiece scale 
in both cases will be altered, and must again be 
determined by means of the stage micrometer. The 
unit for microscopical measurement is the micron (some¬ 
times erroneously termed a micro-millimetre), which 
measures one thousandth of a millimetre, or 0 of an 
inch, nearly, and is designated by the sign p. 

If a micrometer is not available, rough measurements 
may bo carried out by comparison with, a red blood- 
corpuscle. The majority of the red corpuscles of 
normal.human blood measure 7 - 5 n in diameter. 



Infection 


151 


CHAPTER V. 

INFECTION-VEGETABLE AND ANIMAL PARASITES-TICE IN¬ 
FECTIVE PROCESS -ANTI-BODIES- ANTI -SERA AND 

ANTITOXINS-IMMUNITY. 

Infection. 

infection is meaut the invasion of tlio 
living tissues by living micro-organisms which grow 
and multiply at the expense of the host. A disease 
produced by the growth and multiplication of micro¬ 
organisms is termed an infective disease, and is trans¬ 
missible in most instances by inoculation. IE tlio 
micro-organisms are from time to time discharged 
from the body of the host, either with tlio excreta, 
secretions, desquamated particles, or in some other way, 
the disease becomes i nfectious or contnyiyjw, according 
to the ease with which another individual becomes 
i nfecte d, and the material which conveys the infection 
is often termed the mntnginn Thus, in scar.lujtiiia and 
smallpox the contagion is very readily conveyed from 
person to person even for a distance through the air, 
and these are infe ction, diseases. Ringworm and 
syphilis, as a rule, require more or less close contact 
for infection to take place, and these are, therefore, 
c ont agious diseases • while malaria is neither, infectious 
nocucontagions, since persons in the neighbourhood 
never directly contract the disease, though it can be 
conveyed by inoculation, and it is therefore infective 
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only. But the distinction between iiifectiotis and con¬ 
tagious is mainly one of degree, and thesS terms have 
now to a largo extent been discarded. Excluding 
individual susceptibility, tltg^rglative infectivity_ftf., a 
disease probably depends on three fact&rs : (1) the 
contagion is freely given off aerially and is not destroyed 
thereby; (2) thjg..contagion gains access by the respira¬ 
tory tract; and (3) the relative virulence of the con¬ 
tagion ; in some instances the smallest amount of the 
contagion is sufficient to infect. If the contagion can 
gain access only through a wound or the digestive 
tract, the chances of infection may be largely reduced. 
In certain instances infection is conveyed by an inter- 
rpediary, e.g. the mosquito in malaria, and in such 
cases infectivity will obviously depend on the presence 
and abundance of the intermediary. Infection is mani¬ 
festly a part of the whole subject of parasitism, which 
includes the animal and vegetable parasites which 
develop in the animal body. If, however, the subject 
of parasitism is considered more closely, it will be seen 
that there is a vast difference between, say, a condition 
caused by the echinococcus or by the round worm, in 
which the effects are largely mechanical and in which 
relatively little poison is produced by the parasite, and 
the disease diphtheria caused by the diphtheria bacillus, 
in which the diphtheria bacilli have little or no action 
mechanically, but elaborate virulent chemical poisons 
which cause a general i ntoxica tion. Some parasites 
also may produce a infaniin... Cm g m antl»x&x, 

others only a local i nfection t e. g. ri ngworm . 

Pa rasite s may therefore be divided into i nfectiv e and 
naiuttfactixo, though there is a series of connecting 
links between these, and the two groups cannot be 
sharply separated. The iyfectira. jnnrnsi'fss are: (1) 
Tmirm rrganif.m*^ chiefly bacteria, a faw. yeasts - 
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and some mo ulds; (2) many protozoa; and (3) a few 
metazoa! generally worms. Th e non -infective. parunitee 
are the animal parasites generally, particularly many 
worms. 

Theu-proddction of the phenomena of disease l»y 
pathogenic organisms has been ascribed to (JL) the 
US *M l l P the oxygen which should go to the tissues; 
(2) the.-using up of the proteins of the body and of the 
fopd; (3) the_effeets of plugging of the vessels by the 
microbes ; and (4) the.effects of substances or “ toxins,” 
having a poisonous action, formed by the microbes. Of 
these, the first three are quite subsidiary, embolism 
ind thrombosis being perhaps the most important, and 
the toxins are the chief faetors which induce the patho¬ 
genic effects. These toxins arc substances _yf a very 
complax^gomposition, probably allied to tlui proteins ; 
iiJL_asuua_.instances they seem to be of the nature of 
e, l.?y.uies or ferments,, and they are direct products of 

...bacterial cells. The toxins of most pathogenic 
organisms, e.g. typhoid, cholera, plague, etc., are more 
or less integral parts of the bacterial cells ; they are 
" ejidntnr i n s,” and are not excreted to any extent into 
the surrounding medium, but may gain access to it by 
autolysis of some of the organisms. A few organisms, 
notabl jffi ge i l lua d iphtherias aud Barilla* tetuui, produce 
e ?.t|».-.cfiUular toxins which are found in the culture 
liquid. The toxins are classified by Sidney Martin, 1 
as follows (see also p. 38) : 

ID Poisons produced by the digestive or the 
destructive action of bacteria on proteins in the culture 
medium. Exampl es of these are the poisons of the 
Q&GilllM ,■ t u B h xuc in aud of the pus-producing staphylo¬ 
cocci. 

(2) Poisons which are the result of the digestive or 
1 Jfatmal of General Pathology, p. 70. 
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destructive action of bacteria on proteinB, but formed 
as an excretion (the toxin) of the bacterium. The 
Bacillus divhlher iw is the best example of this. A 
similar combination of poisons id found in snake-venom. 

(3) Poisons which are excretions only, Such as those 
proomced by the tetauukdiacillus. 

(4) Poisons which are typically intra-cellular, but 
which may also be excretory. The poisons produced 
by the typhoid bacillus, the Bacillus colt , the Bacillus 
enteritidis of Gaertner, and the cholera vibrio belong 
to this group. 


The Infective Process. 

With regard to the pathogenic micro-organisms, or 
disease germs, Koch laid down the following conditions, 
which have been termed “ Kochls . postulates,” which 
must be complied with before the relation of an 
organism to a disease process can be said completely to 
be demonstrated : 

(1) The organism in question must be present in the 
tissues, fluids, or organs of the animal affected with, or 
dead from, the disense. 

(2) The organism must be isolated and cultivated 
outside the body on suitable media for successive 
generations. 

(3) The isolated and cultivated organism, on inocu¬ 
lation into a suitable animal, should reproduce the 
disease. 

(4) In the inoculated animal the same organism must 
be found. 

To those may be added : 

(5) Chemical products with a similar physiological 
action should be obtainable from the artificial cultures 
bf the micro-organism, and from the tissues of man or 
animals dead of the disease. 
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j (8) Specific serum and other reactions, agglutinative, 
l bacteriolytic, complement fixation, etc., generally obtain* 
able, under certain conditions, if the blood of the 
infected person or animal be allowed to act on the 
specific organism producing the infection. 

It is true that one or more of these conditions may 
not be fulfilled in all cases, but on general evidence the 
disease is cla ssed as in fective. Thus the Tixyunejna 
2 >«ttidum~ol -syphilis cannot be cultivated, and the 
organism of rabies is quite unknown. 

The modop gf or entrance of the infective 

agent into the body, are varied. Thu infective agent 
may enter by (1) the gastro-intestinal tract, r. g. typhoid, 
cholera, and glanders; (2) the respiratory tract, e. </. 
pneumonia and influenza, and occasionally typhoid, 
ptftgITB" ’t*tc.; (:{) by inoculation, not necessarily only of 
the skin, but also of the mucous membranes, c. g. the 
septic diseases, glanders, tetanus, etc. TIio extreme 
injectivity of some diseases— r. g. jajufda, scarlatina, 
influenza, etc.—may be due to the fact that infection 
takes place by the respiratory tract. In certain in¬ 
stances tlie_ infection is conveyed in some special way, 
e. g. by mosquitoes in malaria and in yellow fever. Nor 
is infection necessarily confined to one mode of entrance ; 
in plague, for example, infection by the skin is com¬ 
monest, but it is not infrequent by the respiratory', and 
may' occur by tbo digestive, tract. The infecting agent 
may remain localised, giving rise to a local infection, 
or it may be widespread through the body, a septi- 
csemia 1 or general. infection. The a bsorption . of 
chemical..products, from a local site of- infection may 
produce general symptoms ; this i's l intoxic ation, as 

1 “ Septicaemia” and "ft septica-mia*’ have different meanings. The 
former is applied to a general infection with the so-called teptie 
organisms, the latter to a general infection with any organism. 
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occurs in cholera, in which the microbe isjimited to the 
bowel, in the early stage of. diphtheria, in which the 
diphtheria bacillus is limited to the membrane, and in 
a local abscess. Faner is usually one of the results 
both of _intoxication and of general infection. 

Inflation, if.recavery ensues, is usually followe d b y 
remarkable alterations in the blood and tissues. One 
of these is the production of immunity or insuscepti¬ 
bility J;.o tho same infecting agent; this will be con¬ 
sidered later (p. 204). Agglutinins, substances which 
cause clumping of the infecting organism, are also 
generally produced (p. 193). 

Anti-bodies . 1 

Another remarkable property, and one of consider¬ 
able importance in immunity, conferred by the 
injection into an animal of complex substances, such as 
bacterial toxins, bacteria, blood-corpuscles, cells and 
cellular proteins, ferments, etc., is the development of 
anti-bodies. Thus an animal injected with sub-letlial 
doses of a bacterial toxin, r. <j. diphtheria toxin, acquires 
a tolerance towards the toxin, becomes immunised, 
and a substance is developed in the blood that an¬ 
tagonises tho toxin which was injected ; this substance 
is. known ns antit oxin. If bacteria be injected, the 
fresh blood in vitro has a solvent action outlie bacteria 
(bactaxdolysis) ; if blood-corpuscles bo injected, the 
fresh blood has a solvent notion on the same kind of 
blood-corpuscles ( haimo lysis); if cells be injected, the 
blood lias a solvent action on the cells fcvtolysi sl. and 
so on. Tf_ fei-iponfcH be injected, nnti.farmimta nrr 
fosnutd and will prevent the specific action of the 

1 All the subjects dealt with in the subsequent portion of this 
chapter are discussed in detail by Emery, Immunity and Specific 
Therapy, 1000. 
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ferment. Wjth doubtful exceptions, 1 it is only com¬ 
plex bodies of protein nature, or allied to tlic proteins, 
which., give. rise to the production of anti-bodies on 
inoculation ; ^ajjtakmls, carbohydrates, mine rat poiso ns,, 
etc., do not give .rise, to imti-bodios. though some in¬ 
susceptibility to them may be produced (see also 
p. 216). Any substance which gives rise to an 
anti-body may be termed an “ antige n.” These 
anti-bodies, etc., may tirst be considered, after which 
immunity will be discussed. 

Anti-bodies are probably formed for the most part 
ill the spleen, lymph-glands and hone-marrow by 
leucocytes, or by endothelial cells, or by both. 

A&XITOXlKS.—The anti-bodies produced by the inocu¬ 
lation of an animal with bacterial toxins or toxic 
proteins (e. g. viiai), nbrin, and snake-venom) are known 
as antitoxins, and are of considerable practical impor¬ 
tance. An animal injected with increasing amounts of 
the toxin acquires a high degree of immunity, and its 
blood-serum injected into a second animal confers on 
the latter a similar immunity against the toxin with 
which the first animal was injected, but not against 
other toxins; the serum, is specific. The anti-serum 
formed by the injection of toxin is antitoxic and not 
a nti-micr obic f and the diphtheria bacillus will grow and 
multiply in diphtheria antitoxin. Since, however, such 
an organism as the diphtheria or the tetanus bacillus 
produces its pathogenic effects through the toxin which 
it forms, the antitoxin will counteract the effects of the 
micro-organism as well as of its toxin. The neutralisa¬ 
tion of the micro-organism, however, may not be quite 
complete, a certain amount of local reaction or necrosis 
ensning. 

1 Ford has described the formation of an anti-body by the injection 
of a poisonous glucoaide derived from fungi. 
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A ntitox ins are.pxepared hy. injecting. animals—pre¬ 
ferably h orses , but goats; rabbi ts , etc., may also be 
employed—with, bacterial toxins or with cultures. 

With those organisms which produce powerful 
toxins, such as diphtheria and tetanus, it is customary 
to grow the organism in a fluid medium so that an 
active and virulent toxin is obtained. The culture is 
then filtered through a Byrhefeld or Pasteur?Cjuuftbur- 
land filter and the toxic filtrate inoculated sub¬ 
cutaneously into an animal, generally a horse, 
commencing with sub-lethal doses. 

The dose of toxin can bo gradually increased, and 
concurrently with the increase in insusceptibility the 
blood-serum acquires antitoxic properties. The treat¬ 
ment is tedious, and the activity-of the antitoxic serum 
is.largely dependent upon the amount and activity of 
the toxin injected. The requisite degree of strength 
having been attained, the horse is bled with aseptic 
precautions, tho blood is allowed to coagulate, and the 
serum is bottled for use. Antitoxin may be obtained 
in a concentr ated form by “salting out” the globulin 
constituents of an antitoxic serum (p. 175), and a dried 
product may be prepared by evaporating the serum to 
dryness in vacuo at 40° C. (10 c.c. serum = 1 grm. dry 
residue). 

The.- mode of production of the antitoxin by tho 
injection of the toxin has been tho subject of various 
t heori es. / Ujusome.it has been supposed that the anti¬ 
to xin is m odified toxin, tho modification being brought 
about by the vital" - activities of the cells. But-the 
ipnnnnt, of antitoxin prod uced does not ne cessaril yJaear 
any relation to the quantity of toxin injected. Wood- 
head records instances in which the amount of antitoxin 
formed amounted to 40,000 -times the equivalent amount 
.of toxin injected, and substances which increase the 
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secretive properties of glandular cells, such as pilo¬ 
carpine, enormously increase tlio output, so to speak, 
of autitoxin. 

In view of, these facts J&bvUcli lias elaborated his 
“ aide -chain theo ry.” a theory which, whether it ho the 
real explanation or no, has received a considerable 
amount of experimental support, and has had far- 
reaching effects in stimulating research, £ Ehrlich 
believes that the chemical activities which are the 
manifestations of the vital activities of the living cell 
are due to a very large nucleus or chemical molecule 



Flo. 28 .—Diagram to represent 
tho cell with its various com¬ 
bining groups or side-chains. 
(After Ehrlich.) 



Fin. 27 .—First stage in anti¬ 
toxin formation. (Mark — 
toxin molecule. (After Ehr¬ 
lich.) 


having a ring structure, analogous to the benzene ring, 
and having attached to it a number of atomic ■ groups 
or " side-chai ns.” A “side-chain” is an .atomic group, 
a carbon atom of. .which is linked to one of the carbon 
atom s in a ring. These atomic groups or side-chains 
are i mat.a.hla in nature, and enter freely into combina¬ 
tion with other suitable groups should these be pre¬ 
sented to them, and thus the physiological activities of 
the cell, assimilation, nutrition, etc., are carried out 
(Fig. 20). Now Ehrlich supposes that antitoxin Ja 
merely an exce ss of pertain side-ehauia w hich are 
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normally present and subserve .some of fl the .ordinary 
functions of the cell and which have become free in 
the blood. The antitoxins being specific, by this 
assumption the difficulty is obviated of stypposing that 
special chemical groups or molecules exist preformed 
ready to combine with a number of different toxins on 
the remote chance that some one of these may at some 
time or other come within the particular sphere of 
action of one of those groups. Moreover, small 
amounts of anti-bodies, such as antitoxin, bauteriolysin, 
agglu tinin, etc., are met with in normal untreated 



Fig. 28.—Second stage in anti- Fiu. 29.—Third stage in anti¬ 
toxin formation. (After Ehr- toxin formation. Side-chains 
lich.) beginning to be produced in 

excess. (After Ehrlich.) 

animals and iu man. While some have supposed that 
the small amount of diphtheria antitoxin (equivalent to 
half a unit or so) present in human blood-serum is due 
to an infection with the diphtheria bacillus (not neces¬ 
sarily an attack of diphtheria), it seems more rational 
to suppose that this antitoxin is due to a natural libera¬ 
tion of such side-chains from the protoplasm and that 
artifieiaL.antitaxin production is merely avar y gre at 
stimulation of this natural process. 

Tbp invi n molec ule, according to. Ehrlich, possesses 
at least ^wo nfrwi iVF gfO'^p 1 * *"• side-ehains. One 
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of these, the “ haptophore gro up.” conditions the union 
of the toxin molecule with ccll-pi-otoplasm ; the other, 
the “ toxopliore gi- oup.” conditions its toxic action. 
Similarly, in order that the cell may suffer the full 
effect of the action of the toxin, it also must possess 
two receptive groups or side-chains having a maximum 
affinity for the haptophore and toxopliore groups of the 
toxin ; these may lie termed tht ? “j ’C^^pfpr ” and “ t.oxo- 
phjl&” groups respectively (see Fig.31). The relationship 
of each fixative group of the corresponding groups—• 
viz. that of the toxin and that of the side-chain of tlni 
cell—nvyst. be most intimate, and analogous to the 
relations to each other of a male and a femalo screw 
(Pasteur) or of a lock and its key (10. Fisher). 

The r»f nutiinvin ou tlic “ side-chain theory” 

takes place in the following manner: Toxin being 
introduced, the haptophore groups of the toxin mole¬ 
cules unite with the particular receptor side-chains 
of the protoplasm for which they have an affinity 
(Fig. *27). By this combination the physiological 
activities of the cell arc interfered with, a delect is 
created, the cell is damaged (it is only necessary to 
consider the case of one cell, or, more strictly 
of one molecular group of the cell-protoplasm). 
But through its recuperative powers tin; cell 
soon recovers by the formation of new receptor side- 
chains to take the place of those which have been put 
out of action. On injecting more toxin, the toxin 
combines with these new receptors ami a defect is 
again created (Fig. 28). Once more the cell responds, 
and a fresh series of receptors is developed (Fig. 29). 
Blit. this continual stimulation, as it were, the cell 
commences to form the particular receptors in excess of 
thgfjMiGded to repair the defect created, and ultimately 
these receptors are reproduced in such numbers that 

11 
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they can no longer remain attached 
become free in the plasma (Fig. 30). 

8id£saLavnSt detached from the cell _ and jlaating^fmtasin 
the bloodstream , constitute the antitoxin. This excessive 
production of side-chains after stimulation by repeated 
injections of toxin is not a phenomenon confined to 
antitoxin formation, but is a gene,ra,l > .pJiysiQlQgioal'4aw 
m imif-iatoil by Wftjgp. rt, ; as result of. repeated’ stimu¬ 
lation, over-production or hypor-compensatiQn is the, rule. 
Ehrlich has termed the diverse free receptors which 

occur in the body fluids in 
various circumstances “ feap - 
tines .” 

The existence of both hap- 
topho re and to.xophore groups 
in the toxin molecule is sug¬ 
gested byjhe following, fts-peri- 
inents. If tetanus toxin be 
injected into the blood-stream 
I'm. 30. — Fourth HtaRo in anti- of an animal it rapidly dis- 

toxin formation. Side-chain, within n fpw sppmifls 

i. e. antitoxin, free in the appears, within a lew seconds 

blood. (After Ehrlich.) of the injection, and even if 

the animal bo at once bled, 

? tho-Jilood withdrawn being replaced by fresh blood, 

tetanus ensues, but not till after the lapse of an 

incubation period of some hours. The tetanus toxin, • 

therefore, immediately becomes fixed or anchored top 

the tissues of the central nervous system. Evidently* 

the toxin molecule enters at once into combination 

• 

with the nerve-tissues by means of its haptophore 
group ; this after a time brings the cells within the 
sphere of influence of the toxopliore group, and after 
a certain incubation period toxic symptoms ensue. 



to. the cell but 


The- «»flim t y ~ Of tetanus-terror for nerve* t inoimn m a y be 
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fresh g^ i p« : >g .-pig hrai7t J him emulsion will be found 
to be innocuous on injection, owing to a combination 
b ohwqqp fib" bavinp tulron pho'o Tlio cerebral 

cortex of a highly susceptible animal («. y. mouse) has 
a marked neutralising power, of a less susceptible 
animal (e. g. rabbit, fowl) a feebler, ami of an insuscep¬ 
tible animal (e. y. frog, tortoise) no neutralising power. 1 
Moreover, both diphtheria and tetanus toxins may bo 
converted into non-toxic modifications (“toxoids”) which 



A H 


Fig. 31.—Diagrammatic sehome to represent the union of toxin 
(block) with the cell. In a the toxin is attached to the pro¬ 
toplasm by the union of the hnptophore ami receptor groups. 

In b the toxnphorc anil toxophile groups have also united, 

, and poisoning now ensues. 

to some extent retain the power of immunising and of 
producing antitoxin on inoculation, and of combining 
with antitoxin : that is to say, according to Khrlich, 
the toxophore groups have been destroyed while the 
haptopliore groups remain unaffected. It is the pres¬ 
ence of the haptopliore group which conditions the 
union of toxin with antitoxin. Thus, if toxin be injected 
into blood containing antitoxin, the haptopliore groups of 
the toxin unite with the free receptor groups, i. e. with 
1 The eombination of hrain matter with tetanus toxin seems to lie 
specific and of the same order as that between antitoxin and toxin. 
See Noon, Joum. of Hyg., vol. vii, 1007, p. lOl.and Besredka and 
Bordet, Ann, de l’Inst. Past., xvii, 1003. 
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the antitoxin (Fig. 32),and therefore theto^pphoregroups 
cannot exert their influence because the toxin is now 
unable to unite with the protoplasm, its liaptophore or 
binding groups being already occupied. 

In a poisonous toxin, such as diphtheria or tetanus 
toxin, the toxophore group is more readily destroyed 
than the haptophore group, and by -heating.-a > toxin 
for some time to • 60°—70° G. its -toxicity is destroyed, 
but it still retains an affinity for antitoxin. If some 
antitoxin be mixed with such heated toxin it will be 

found that the capacity of 
the former for neutralising 
active toxin is much dimi¬ 
nished—in other words, al¬ 
though the toxophore groups 
of the heated toxin have 
been destroyed, the binding 
or haptophore groups still 
remain. T oxin which hn a 

Fio. 32. —Neutralisation of toxin been kept for some time 
by antitoxin in the blood. , . .... , 

(After Ehrlich.) decreases . ill toxicity, but 

retains the power of com¬ 
bining with antitoxin, again showing that haptophore or 
binding groups are present (s uch derivatives of toxi n 
possessing haptophore groups are termed “ toxoids ”). 
Wagggmiaan and flrpck have obtained presumptive 
eviden ce o f the. existence of the second stage in anti- 
toxuQorination, viz. the increased production of-receptors 
b y the c ells. Using tetanus toxin which had been kept 
. for some time and had lost its toxicity, but which still 
combined with antitoxin—that is, toxoids with hapto- 
phoro groups were still present—they found that on in¬ 
jecting it into animals no antitoxin was formed as a result 
of the injection. They then performed some experiments 
based on the following line of reasoning : If the old non- 
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poisonous tetanus toxin containing those toxoids be 
first injected into an animal, and after a short interval, 
some fresh, actively poisonous tetanus toxin, more of 
the active to jin ought to be required to kill this animal 
than a normal one, because, owing to the previous 
toxoid injection, part of the cell receptors susceptible 
to tetanus toxin are already occupied. Provided 
Khrlich’s theory be correct, so that this binding of the 
toxoid really occurs, the conditions should be entirely 
different, when, instead of injecting the toxin shortly 
after the toxoid, a longer time elapsed—one to three 
days—before the injection of the active tetanus toxin. 
For , in t hat case Weigert’s law should come into play 
and the receptors should have increased in number—i.e. 
the organism would now possess mon ■ sensitive groups 
than before. This should be manifest by the fact that, in 
contrast to the first experiment, the fatal dose of active 
tetanus toxin ought now to be smaller than previously; 
in other words, a smaller dose should now tetanise the 
animal in a shorter time. Thu experiments yielded 
results which were exactly in accordance with these 
theoretical considerations. ' A guinea-pig was injected 
with some of the lion-poisonous toxoid, and then, one 
hour later, with the active tetanus toxin. Jt was 
found that much more toxin was required to kill this, 
animal than a normal guinea-pig of equal size. if, oil 
the contrary, an interval of one to three days were 
allowed to elapse, it was then found that a dose of 
tetanus toxin which would not even tetanise a normal 
guinea-pig was sufficient to kill this one.. 

The fact that no antitoxin is formed— i. e. no receptors 
are thrust off—by the single injection of the non- 
poisonous toxin or toxoid Wassermann ascribes to the 
lack of stimulus which he suggests resides in tho 
toxophore groups. 



166 


Manual of Bacteriology 


The slow combination of the haptophor® and receptor 
groups has been proved by Wassennann in another way. 
The researches of Meyer and Ransom have shown that 
tetanus toxin is absorbed by the nerve-trunks, not by 
the blood and lymph-channels, while tetanus antitoxin 
is absorbed by the latter—the blood and lymph-channels. 
Adrenalin is a substance which strongly contracts the 
capillaries, and thus tends to block absorption in a 
particular area. Tliu following experiment was devised: 
Tetanus toxin and antitoxin were mixed in such propor¬ 
tions that the mixture was innocuous to animals, i. e. it 
was just neutral. If this mixture be injected into the 
hind paw of a guinea-pig no tetanus develops. When, 
however, some adrenalin is injected into the hind paw 
of a similar-sized guinea-pig, and a few minutes are 
allowed to elapse so that the capillaries may contract, 
and then tlio mixture of toxin and antitoxin is injected, 
typical tetanus ensues. Tlio explanation of this is that 
the channel of absorption for the tetanus antitoxin , the 
vessels, is blocked by the adrenalin, while that for the 
toxin , the nerve path, remain^ open. The toxin and 
antitoxin had not yet combined,^ 1 , such combination as 
had occurred is a loose one and becomes dissociated, and, 
therefore, the toxin travelled along the nerves to the 
central nervous system, with the production of tetanus. 

The experiment, however, succeeds only within a 
certain pei'iod, not exceeding an hour after mixture of 
the toxin and antitoxin, because after this the toxin- 
antitoxin combination becomes a stable one. 

If a longer time—say three or four hours—is allowed 
to elapse, it will be found that, even in the adrenalin 
animal, no tetanus is produced, because by this time 
the combination, previously a loose one, is so firm that 
the substances can no longer be dissociated. This 
union can bo hastened by employing more tetanus 
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antitoxin, fo% with an excess of antitoxin, even after 
only half an hour, it is impossible by means of adrenalin 
to free the tetanus toxin. This experiment, therefore, 
shows that tlie combination of tetanus toxin with anti¬ 
toxin takes place slowly and is at first a loose one, and 
that the union becomes firmer and firmer with time. It 
also suggests tho possibility of hastening the combina¬ 
tion by increasing the amount of antitoxin—a point of 
considerable practical value in serum therapy. 

The above considerations are of importance in (lie antitoxin 
treatment of disease. Antitoxin, in the strict, sense, is not 
anti-miorobic, and therefore antiseptic treatment of the 
throat in diphtheria., and of the wound in tetanus, should lm 
pursued. The fact that the toxopliore group of the toxin 
does not come into action as a rule for many hours at. least 
(an exception is snake-venom) is a fortunate coincidence, for 
tiie antitoxin may, therefore, act Indore tissue damage 1ms 
occurred. Antitoxin cannot repair tissue damage if thisJias 
lawn prnil ni eil the toxin, but it eon, and does, prevent the 
ocuunyjiefi-of.further damage by neutralising any fresh 
amounts of toxin that may be absorlied Hence the 
necessity for early trea tjjifft jt. Toxin already anchored to the 
tissues by its I laptop mire group may for some time lie 
dissociated from them if a multiple of the simple neutralising 
dose of antitoxin be injected, and the quantity necessary to 
accomplish this rises rapidly as the interval lietween the intro, 
duction of the toxin and of the antitoxin increases; hence 
the necessity for the use of antitoxin in large excess. 
Probably the union lietween tissue and toxin at first is a 
loose one, and a large amount of antitoxin by mass action 
transfers the affinity of the toxin from the tissue to itself. 

An essential condition in antitoxic treatment is the adminis¬ 
tration of a sufficient, amount, of anti-serum,-and this does 
not depend on the actual volume of serum injected. The 
anti-serum may be regarded as a solution containing a variable 
amount of the antitoxic or anti-microbic constituent, and for 
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therapeutic use its strength must be. ascertained, and is for 
convenience described in arbitrary units. 

The dose of antitoxin is dependent upon the gravity of the 
disease, and not on the age of the patient, for evidently just 
as much toxin may be formed in a child as in an adult. The 
antitoxins are strictly specific; diphtheria antitoxin, for 
example, has not the slightest influence in tetanus. 

To obtain an immediate reaction to antitoxin it should lie 
administered iutra-venously. A subcutaneous injection may 
not lie completely absorbed in less than tliirty-Bix hours. 

In cases of mixed infection, e. g. where diphtheria bacilli 
are associated with streptococci or staphylococci, the diph¬ 
theria antitoxin will have no influence on the streptococcic or 
staphylococcic infection. 

The complications and accidents of autitoxiu treatment are 
few and usually unimportant. Abscess and other local 
troubles at the seat of inoculation should not occur if 
proper antiseptic precautions lie taken. Urticaria or other 
rashes and joint pains are by far the most troublesome com¬ 
plications. These are due to the injection of foreign serum, 
and not to the antitoxin, for the serum of an untreated horse 
produces a like effect.. Repeated injections of serum at short 
intervals may be continued for a long period without 
inducing more disturbance than that, caused by one or two or 
a few injections, but if twelve days'*or more elapse between 
two injections a condition of “ supersensitation,” due to 
anaphylaxis, ensues (see p. 176). This consists in the rapid 
appearance of rushes, joint pains, pyrexia, etc., or even of 
giave symptoms, faintness, vomiting, dyspnoea, convulsions, 
collapse, etc. 

f Anti-sera may be used as prophylactics, but the immunity 
jproduced by them does not last more than three weeks. 

Various hypotheses 1 have been advanced to explain 

• See Craw, Proe. Hoy. Soc. Land., B. vol. lxxvi, 1005, p. 170; Jo urn. 
of Hyg., vol. vii, 1007, p. 501; and ibid., vol ix, 1000, p. 40 i Arrhenius, 
Immuno-rhemiitry, 1007 ; Madsen, B>it. Med. Joum., 1004, vobii, p. 567; 
Bordet, Ana. d« I'lmt. Patient, xvii, p. 161 \ McKendrick, Proe. Boy. 
Soc. Load., b, vol. lxxxiii, 1011, p. 403. 
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the manner in which toxin is neutralised by antitoxin. 
Koux and Buchner suggested that the antitoxin in some 
way renders the cells and tissues insusceptible to the toxin 
and Buchner performed experiments showing that while 
mice are more susceptible than guinea-pigs to tetanus 
toxin, a tetanus toxin-antitoxin mixture which is just 
neutral for mice is distinctly toxic for guinea-pigs. 

To explain this Khrlich suggested that there may be 
present in a toxin solution, several toxic substances, 
some of which exert a toxic action on the guinea-pig Imt 
not on the mouse. Madse n an d- llreyer showed that a 
mixture of diphtheria toxin and antitoxin which is inno¬ 
cuous to guinea-pigs on subcutaneous inoculation is lethal 
to rabbits on intra-venous injection, and in order to 
explain this Ehrlich made a similar assumption. Mor- 
genroth, however, 1ms shown that the difference in the 
latter case depends on the mode ot injection. The 
reaction between the toxin and antitoxin takes time to 
complete: there is an interval probably of some hours 
at 20° 0. before equilibrium is reached (see also p. \1\). 
When a recently prepared mixture ol toxin and antitoxin 
is injected subcutaneously, absorption is slow, and in the 
meanwhile the toxin and antitoxin combine, but when 
the mixture is injected into the veins, the toxin is 
fixed by the tissues before it has had time to combine wit h 
the antitoxin, and poisoning ensues. If the mixture be 
kept for some hours before injection, intravenous in¬ 
jection is then innocuous. 

Ehrlich-concluded that diphtheria toxin is neutralised 
by diphtheria antitoxin much in the same way as a 
strong base is neutralised by a strong acid, and that 
the courso of neutralisation suggests the presence in 
the toxin of several toxic and atoxic substances (toxoid*- 
all of which combine with, though they 
have different affinities for, the antitoxin. 
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Ai'riuiuius. and Mad son, liowever, believe that the 
toxin-antitoxin reaction is analogous to the action of an 
acid on an alcohol, and that the chemical laws of mass 
action apply equally to the two. The chief reaction is 
considered to be between two substances only, toxin 
and antitoxin, that it is revers ible, and that when the 
system has reached equilibrium, a fraction of toxin and 
also of antitoxin remain free, this fraction of toxin 
producing the “ toxon o effect” (see p. 172). If equiva¬ 
lent quantities of acetic acid and alcohol are mixed, the 
reaction is nevor complete; the acid and alcohol never 
entirely disappear, because the wator formed reacts 
with the ethyl acetate, re-converting it into acid and 
alcohol. Such a reaction is termed reversible, and 
this particular cast! could be thus represented : 

Cll.j.COOH +Cj,n ; .0Ll”^UH 3 .C(.)0(J 2 ll ii -f-H 2 (). 

Bordet has suggested that tlm..fixation, of to x i n-by 
a ntitoxin is an ads orption plionomonou, similar to the 
fixation of a dye by a tissue. 

These hypotheses may now be examined more in 
detail, blhrlic h’s experiments 1 on diphtheria toxin 
seemed to show tliat tlie ’ neutralisation of toxin by 
antitoxin follows the laws of simple chemical combina¬ 
tions, such iis the neutralisation of a strong base (NaOH) 
by a strong acid (1101). If so, it would be expected 
that antitoxin would neutralise proportionate amounts 
of toxin ; but this is not so, and Ehrlich was forced to 
the conclusion that toxin is a complex mixtureof-pmto-, 
deutero-, and tuito-toxiu,. and, toxono,. with _jiifEgrent 
toxicides and differ ent avi dities-for- antitoxin. More¬ 
over, when toxin is kept it decreases in toxicity, though 
still retaining much of its avidity for antitoxin. Ehrlich 

1 See Trana. Jenner hut. Prev. Sled., vol. ii, p. 1; CYoonian Led., 
So y. Sue. Land., 1900 and p. 293. 
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assumed, therefore, that the toxin becomes transformed 
into substances termed toxoids, which are non-toxic but 
retain their affinity for antitoxin. Tin's he explained 
as due to destruction of the unstable toxnphore groups, 
with the retention of the more stable haptophore groups. 
That the neutralisation of toxin by antitoxin is due to 
a chemical combination between the two seems to bo 
proved by the work of Martin ami Cherry. Iktulic, 1 
amL-Martin and Cherry,* making usu of a Chauilterluml 
filter, tlie pores of which had been rendered very line 
by saturating with gelatin, found that toxin would puss 
through such a tilter but that antitoxin would uut, 
presumably because the molecule of the latter is larger, 
ily mixing diphtheria toxin ami antitoxin in such propor¬ 
tion that tho latter was in sufficient quantify to neutralise 
the toxin, and subjecting the mixture to filtration 
through a gelatin filter, the Jiltrale was found tube 
lion-toxic. Now since toxin can pass through such a 
filter, the inference is that the toxin has combined 
with the antitoxin. Usiug snake-venom ami its anti- 
scrum or anti-veuiu, another method was employed. 
r l he anti-voidn -is.destroyed, by heat ing to <>8 C. for 
ts»i .minutes,- wliiiu the toxic properties of the venom 
*4ra_y»&ltored by this treatment. By making mixtures 
of venom and anti-venin, and, after a certain time has 
elapsed for the interaction to take place, heating to 
68 C. for ten minutes, it was found that the mixture 
is non-toxic, pointing to the combination of the toxin 
(venom) with the antitoxin (anti-venin). Calmette had 
performed the same experiment but with a different 
result, finding his mixtures still toxic af ter heating. 
Calmette, however, treated his solutions almost, imme¬ 
diately after mixing, and Af «■•♦.!» and (.'b erry point out 

1 Jonm. of Path, and Had., 1SS17, p. -UK). 

1 Proc. Roy. Sue. Load., vol. lxiii, 1K98, p. 420. 



172 


Manual of Bacteriology 


that a certain time mu st. be. allowed^ to £l%ppe for the 
interaction to take place, and noted that moderate 
warmiug .kaateua. it, as is the case with all chemical 
interactions. For instance, they found tlyit one mixture 
of venom and anti-venin allowed to interact for two 
minutes, five minutes, |,nd ten minutes befoi’e heating, 
killed the animals in thirteen hours, fifteen hours, and 
twenty-three hours respectively (the control, animal 
witli the same dose of venom died in nine hours), but 
after fifteen minutes the same mixture rendered the 
animal ill but it survived, while after thirty minutes no 
toxic symptoms ensued.) 

At one time it was stated that by electrolysis of toxin 
small amounts of antitoxin are formed, but this is very 
questionable. Electrolysis destroys the toxicity of toxins 
by the production of acids, chlorine, and hypochlorites. 

Ehrlich’s views have been opposed, principally on physico¬ 
chemical grounds. Thus, Dailys/ observed that if ricin or 
diphtheria toxin lie brought into contact with its corresponding 
anti-body, the degree of neutralisation depends on the manner 
of mixture. If the toxin be added to the antitoxin in two 
fractious, allowing a considerable time to elapse between the 
additions, the mixture contains a much larger amount of 
free toxin than is the case when the whole (and same) amount 
of toxin is added at. once to the antitoxin. This phenomenon, 
known as the “ panysx or toxoue effect,” seems inexplicable 
if toxin and ant itoxln have relations tlie same as a strong base 
and a strong acid. 

Arrhenius, Drove r, and Modsen-Juailitam that the pheno¬ 
mena observed in the toxin-antitoxin reaction are ex pl ica ble 
o n,the hy pothesis that the rate of reaction—avidity—of the 
toxin deor e a s e a.jxa. antitoxin is added, that the interaction is 
a slow one, and that different fractions of the toxin are pro¬ 
gressively neutralised by the added antitoxin, but more and 
more slowly. On these grounds they consider that there is 
no reason, to regard the diphtheria poison as a highly com- 
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pleated body. # Whereas Ehrlich considers the toxin aud 
antitoxin to combine with great avidity, analogous to the 
combination of a strong base, with a strong acid, e. g. NaOH 
with HC1, these critics believe the avidity of autitoxin for 
toxin to be feeble, analogous to the combination of ammonia 
with boric acid, in which as more and more acid is added, 
the amount of free ammonia decreases, but more and mens 
slowly, in correspondence with a hyperbolic curve. The 
phenomena can l>e calculated according to the lnw of “ muss 
action,” there being an equilibrium lari ween — 

Free NHL, Free _ K (NH.ILO.,!!)* 

vol. vol. vol. 

where K is the constant of dissociation. The curve of the 
neutralisation of tetunolvsin by ant.i-tetauolvsin corn'sjHmds 
almost exactly to the ammonia-boric-acid curve. 

W horoas -on- Ehrlich’s views the combination of toxin and 
antitoxin would be represented by a straight line, and- the 
crude toxin_ seems to la* composed of a whole scries of 
different toxins aud substances having an avidity for anti¬ 
toxin, on.this hypothesis, although the greater part of the 
toxicity of toxin is removed by the antitoxin, the latter must, 
he added in large excess lieforu the. toxicity completely dis¬ 
appears, and the course of neutralisation would Is* represented 
-by aJxyperbolic curve. In fact,as the antitoxin is added, the 
amount of free toxin diminishes but never completely dis¬ 
appears. There conies a point, of course, when the amount, of 
free toxin is so small as to Ik* negligible and cannot Ik> 
recognised by the ordinary indicators (blood-corpuscles, 
animal tests, etc.). This hypothesis would explain the fact 
that while a certain amount, V. of a mixture, of toxin and 
antitoxin is innocuous to an animal, a multiple of the dose, 

* V, of the same mixture may lie toxic ; it would also explain 
Buchner’s exp eriments alluded to almvu (p. 169), and 
Boux’s experiments in which a toxin-antitoxin mixture in¬ 
nocuous to normal guinea-pigs was toxic to guinea-pigs whose 
resistance had been reduced by injections of the Massowah 
▼ibrio. 
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Nernst lias questioned from the mathematical standpoint tie 
validity of the views of Arrhenius, and so *haa Craw from 
much experimental work on agglutination and on the inter¬ 
action between me gat eriolvsin and anti-megateriolyjsin; Craw 
also considers that there is some doubt attaching to 
Arrhenius’s calculations. According to Craw, the two sub¬ 
stances most -thoroughly investigated by Arrhenius and 
Madsen, diphtheria toxin and tetanolysin, do not admit of 
sufficiently exact determination, the former because of the 
uncertainty attaching to animal experiments, the latter 
ljecause tetanolysin is a most unstable body. Working with 
a more stable substance, megateriolysin, he holds that the 
Arrhenius and Madsen equation does not apply. Again, on 
the addition of a small amount of antitoxin to toxin there is 
no decrease in toxicity (as noted by Ehrlich and attributed 
by him to the presence of toxoid) as there should lie, and 
Arrhenius was thus forced to the conclusion that a second 
substance, epitoxonoid, is present with the toxin in diphtheria 
toxin. Craw denies that the toxin-antitoxin reaction is 
reversible, believes that antitoxin must be regarded as a 
colloid (and is not in true solution), that the mixture 
therefore is heterogeneous, not homogeneous, and that the 
chemical law of mass action is not applicable. 

On the other hand. Craw maintains that the phenomena of 
the toxin-antitoxin miction, including the Danysz effect, have 
their counterpart in adsorption phenomena, such as occur in 
the staining of paper, porcelain, etc., with auilin dyes, in the 
absorption of sifbstauces by colloids, etc. Thus, when solutions 
of arsenioti8 acid arc shaken up with colloidal ferric hydroxide, 
a portion of the arsenic is taken up by the ferric hydroxide 
and a portion remains in solution. Moreover, more arsenious 
oxide is taken up by the ferric hydroxide from dilute than 
from concentrated solutions; this has its counterpart in 
agglutination. Again, when an antitoxin is added to a toxin 
in just sufficient amount to produce a non-toxic solution, the 
amount of toxin which must then be added to constitute a 
fatal dose is greater than the minimum lethal dose without 
antitoxin. This is also found to be the case with ferric 
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hydroxide and arsenious acid; if ferric hydroxide and 
arsenious acid *are mixed so as to form just a non-toxic 
mixture, the amount of arsenious acid which must then lx* 
added to render the mixture toxic is greater than the toxic 
dose of arsenious acid. 1 

Arrhenius* replied to Craw's criticisms maintaining the 
correctness of his own interpretation, and Craw 1 * has again 
maintained the validity of his views, so that the final settle¬ 
ment of these divergent, opinions must he left for future 
research. 

The antitoxic constituent of antitoxin seems to Ik* a 
protein body, prohaldy allied to globulin, ami, as already 
mentioned, the globulin content, ot tin* blood of an animal 
treated for antitoxin production increases in some eases. 
Tizzoni, by precipitating the antitoxic scrum hv saturation 
with magnesium sulphate at 30° obtained the antitoxin 
in the precipitate, lly partial saturation ot antitoxic scrum 
with ammonium sulphate, the antitoxin is carried down with 
the second precipitate, that is. with the pseudo-globulin 
fraction. It is thus possible to eoneentrate antitoxic serum 
and to make use of a weak serum, winch would otherwise lw* 
inconvenient on account of the volume necessary to injoet. in 
order to introduce the requisite amount ot antitoxin. Hor 
this purpose various salts have lieen employed for saturation, 
ammonium sulphate (Pick and others), magnesium sulphate 
(Dieudonnc), mixtures of sodium and jsitassium chlorides 
(Atkinson), etc. 

Dzergowski and Predtetehenskv 1 have elaborated a, very- 
exact method by which they state that the whole of tin* anti¬ 
toxin can be concentrated and recovered from a comparatively 
weak serum by means of precipitation with ammonium 
sulphate. 

1 See Findlay, Phytical Chemistry amt its Apptu at inn* in Medical 
and Biological Science, 1905. 

* Jo urn. of Hygiene, vol. viii, 1908, p. 1. 

3 Ibid., vol. ix, 1909, p. 445. 

4 See Hewlett’s Seram Therapy, 1910, p. 08. 
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iVprHvnmrn—An animal usually becomes more and 
more tolerant to injections of an antigen, e. g. to diph¬ 
theria and tetanus toxins in the preparation of the 
corresponding antitoxins. Sometimes, however, the 
opposite effect is produced, viz. increased sensitiveness. 
This has been noticed in the preparation of tetanus 
antitoxin ; after the animal has received a few doses 
of the toxin without ill-efFect, a smaller dose of toxin 
may cause fatal tetanus. The tuberculin reaction (p. 
321) is another example; tubercle toxins cii'culating 
in the tuberculous individual render him peculiarly 
sensitive to a minute dose of tuberculin (i. e. tubercle 
toxin) which in a normal person produces no effect. 
This c on dition of hypersensitiveness ijiduiown-as.latut,- 
phylax-is’(t. *_the.opposite of ‘ prophylaxis ’). Probably 
any antigen under particular conditions may induce 
anaphylaxis, but the phenomenon has been especially 
studied in connexion with serum injections, though 
other proteins, e. ij. egg-white, similarly cause it. The 
injection of an anti-serum usually produces no ill-effect 
othor than the rashes, joint pains, and pyrexia already 
mentioned, oven if large amounts of the serum be given 
extending over days or even two or three weeks, but 
a second injection of serum given after a first injection 
with an interval of twelve days or more between the 
two injections is liable to be followed by effects which . 
may be more or less serious, constituting the so-called 
“ serum disease,” or immediate or accelerated reactions, 

“ supersensitation,” may ensuo (see p. 168).- 

T he symptoms of th e se rum, disease are nausea and 
vomiting, small and rapid pulse, faintness or more 
serious heart failure, dyspnoea with fapid and shallow 
respiration and feeling of suffocation, collapse, rigors, 
convulsions, and even coma. The severity of the 
symptoms varies in different cases, and the symptoms 
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usually pass off in tlw course of an hour or two ; but n 
few fatal cases have been recorded. 

In the inunodiate reaction, rash . p yrexia , jo int pain s, 
v omitin g, rigors, and occasionally convulsi ons and 
c ollapse occu r, generally within six hours after the 
second injection of scrum. In the accelerated reaction, 
these phenomena appear between the eighteenth hour 
aud the fifth day after the second injection of serum. 

The immediate and accelerated reactions may occur a 
long time after the first course of serum treatment if move 
serum be given. Goodall records one case in which over 
four years elapsed between serum treatments for first 
and second attacks of diphtheria, an accelerated reaction 
occurring after the reinoculation for the second attack. 

The amount of serum given does not definitely in¬ 
fluence the result. The remarkable features of the 
phenomenon are—(l)~tboy do not occur unless an interval 
of abou t twel ve days or more elapses between the two 
inj ections of serum ; (2) the long period which may 
iutbe^ene between the two injections of serum aud still 
be accompanied by symptoms; (•'!) the serious nature 
of the condition in some instances. 

The explanation of the phenomenon is difficult. Un¬ 
doubtedly the symptoms are due to some substance in 
the serum which has a toxic action, anil have nothing 
■ to do with the antitoxic constituent, For normal seruin 
produces the same effects. 

In experimental anaphylaxis produced in animals by 
the injection of normal serum, it is found that the con¬ 
dition only occurs if the two doses of serum are 
separated by an interval of about twelve days or more. 
Moreover, the two injections must be of the same serum 
or ofiher protein; thus a first injection of horse serum 
followed by a second injection of rabbit serum would 
not produce it. Extremely small doses of serum will 

12 
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also bring it about; and lastly, anasst^hetisation, when 
the second dose of serum is given, prevents the develop¬ 
ment of the symptoms—a very extraordinary result. 

The Artlius phenomenon occurs wheu a guinea-pig 
receives several doses of normal horse serum at intervals 
of some days. Another injection of horse serum then 
causes an (edematous mass, an aseptic abscess, or an area 
of necrosis at the site of the new inoculation, which 
may be far removed from the region of the previous 
inoculations, and the animal becomes cachectic and dies. 

' Tim Theobald Smith phenomenon occurs when a 
guinea-pig has been sensitised by a very small single 
dose of normal horse serum, O'Ol c.c., O'OOl c.c., or 
even O'OOOOOl c.c.; if, then, after an interval of twelve 
to fo urteen days a somewhat larger dose of serum, 
0'1 c.c., be given, tlm_aiaioua_symptoins of liypersensi- 
t[yeness develop .withinm few minutes, viz. respirato ry 
failure, paralysis, clonic spasms, and frequently., death. 
The symptoms are generally much more serious when 
the primary dose of serum is minute than when it is 
larger, e. g. one or more cubic centimetres. 

Ynrinnn hypnt.lu»««« have been advanced to account 

for, anaphylaxis. 

-^ Bearedk a believes that anaphylaxis is caused Jby the 
presence of two substances in tlio serum, ojue ther¬ 
mostab le and having the properties of an antigen (see 
p. 157), which he terms “ sp.nsibili^ngen.” and which 
on injection produces its auti-body, “ sSPSibilisin.” The 
other substance is thermolabile, and is termed “ au£i- 
fjfirwihlliffiin,” and combines with sensibilisin whenever it 
meets with the latter. Sensibilisin is particularly fixed r 
by the cells of the nervous system, and, according to 
Besredka, it is the violent reaction between anti- 
sensibilisin and sensibilisin in the nerve tissues which 
causes the serious" disturbance characteristic of ana- 
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phylaxis. Wh«n, therefore, a small doso of serum 
(liiTiAf c,Ci ) i® administered, the seusibilisogen slowly 
forms sensibilisin. If a second doso of serum is given 
twelve days or jnore after the first injection, the anti- 
sensibilisin in it combines with the sensiliilisiu formed 
by the first injection, and disturbance results. The 
reason why a large primary injection of serum (c. y. 
3-5 c.c.) gives rise to much less disturbance with tho 
second dose of serum than a small primary injection 
does is that the large amount of antiscusihilisin present 
■in the serum combines gradually with the sensibilisin 
as this is in process of being formed (/. e. in the 
pre-anaphylactic stage), and therefore then* is compara¬ 
tively little sensibilisin left for the antisensibilisin 
present in the second dose of serum to combine with, 
hence the disturbance caused is much less. 

The reason why amesthetisation with ether when the 
second injection is given prevents the symptoms of 
anaphylaxis developing is, according to lies red ka, that 
the anaesthetic renders the nerve cells insensitive to the. 
reaction between the sensibilisin and antisensibilisin. 

Anaphylaxis, supersensitation, or hypersensitation 
may be of considerable importance in serum treatment. 

On the serum disease, superseusitation, and anaphylaxis,see 
Hewlett, Serum Therapy, ed. 2,1910; Kosenau and Anderson, 
Antra. Amer. Med. Assoc.. 190fi, p. 1007; Von l’ircjuet and 
Schick, Die Serum-Krankheit, 1905; Kichet, Ann. tie l'Inst. 
Pasteur, xxi, p. 497; Besredka, ibid., p. 950, and Dull, dn 
l Inst. Pasteur, vii, 1909, p. 721; Currie, Journ. of Hygiene, 
yol. vii, 1907, pp. 35,61, and vol. viii, 1903, p. 457; Grunhiutn, 
ibid., vol. viii, 1908, p. 9; Good all, ibid., vol. vii, 1907, p. 607. 

Anti-mickobic Sera.—I f an animal be injected with 
increasing doses of bacteria, care being taken to keep 
below a lethal one, the animal gradually becomes 
accustomed to the microbe, and ultimately acquires a 
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high degree of immunity, so that it *is unaffected by 
amounts which would infallibly kill an untreated animal. 
Moreover, t he blnn<i.«ftmm nf snnli «. treated a mm alyjf 
injected-into a second animal,.will protect the-latter 
against. a few lethal doses of the microbe, _but not 
against a large amount. Nor is the protection afforded 
proportional to the amount of serum injected; for 
example, if 0*005 c.c. of anti-cholera serum will protect 
against 5 mgrin. of living cholera culture, three times, 
as much, or 0*015 c.c. of the serum, will not protect 
against 15 mgrm. of cholera culture, and when a certain 
dose of the culture is reached no amount of scrum will 
save the animal. The mode in which the serum acts 
may be studied microscopically. (If cholera anti-serum 
and cholera culture be injected into the peritoneal 
cavity of a guinea-pig, and if the peritoneal contents 
be examined at short intervals afterwards, it will be 
:'ound that the vibrios first lose their motility, then 
oecome distorted and globular, undergo solution, and 
finally disappear. The protection afforded by the 
anti-seruui is therefore due to the destruction of the 
microbes by solution, the process being— knawau. as 
baetfuda]jUQS,Vand the bodies which bring it about being 
termed “ bacteriol vsin s.” The reaction is known as 
phenomenon ” or veaetion, from its discoverer. 
(If the serum and the microbes be mixed in. vitro the 
[latter are unaffected; apparently, therefore, some con¬ 
stituent of the living body in addition to the anti-serum 
is necessary for tlio solution of the microbes. But in 
1895 Metchnikoff showed that the reaction will take 
place in vitro provided that some of the freth peritoneal 
exudate of a normal guinea-pig be added to the 
mixture of anti-serum and microbes. The same year 
Bordet found that the addition of the peritoneal exudate 
1 See Gruber, “ Herbert Lectures," Jo tint. Stats Med., 1908. 
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is unnecessary provided the anti-serum he perfectly 
fresh. Tlmaftaacparimenta prove that thu solution of the 
microb es is bro ught about by the interaction of at least 
two s ubstanc eSjtPjjft of which is present in all fresh serum 
and i n thfi jiying fyody, but is unstable, disappearing on 
keeping or heating the serum, the other is a relatively 
stable body produced during the process of inoculation. 
The former, the unstable normal body present in all 
^animals, is usually" termed “complement” (Khrlieh 
and Morgenroth), “alexin ” (Buchner and Bordet), or 
“ addiment” ; while the stabl e constituent produced by 
im.inumsajj.011 is. known as the “amboceptor” (Khrlich), 
“ immu ne bo dy.” “intermediary,” “preparer” (Gruber), 
“fixatenr” (Metclinikoff),or “aitbstanco seusibilisutrice” 
(Bordet). These considerations suggest an explanation 
why auti-microbic serum neutralises but a limited 
amount of living culture, viz,, the amount of complement 
present in the body at one time is limited, and when 
this has been used up bacteriolysis ceases. Anti- 
niicrobic sera are relatively inefficient in practice, 
insufficiency of complement being suggested as the 
reason. Attempts have been made to supplement the 
complement present by injecting fresh normal serum 
with the anti-serum, but without success, and some 
anti-microbic sera, e. g. anthrax serum, are not bac¬ 
teriolytic ; this explanation is, therefore, unsatisfactory. 
Deflection of comp lement (p. f 80 ) may_occur in some 
iiistjmffta or the complement may not be of the right 
kind. In other cases, the organisms in certain situations 
may be inaccessible to the blood-stream ami to the 
anti-Rerum, e. g. in the bowel in cholera. 

The amboceptor or immune body seems to link the 
complement to the bacterium (Fig. 33); complement re¬ 
mains free if the appropriate amboceptor or immune body 
is not present, and bacteriolysis does not ensue (see also p. 
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188). Complement is thexwalabile, i.e. iUis destroyed by 
beatin g 1 to 5ti°C .for tliixty. minutes; while the amboceptor 
is therjuosta hle, i. e. it is not destroyed-by this treatment. 

According t o Ehr lich, fresh serum contains numerous 
complements which are more or less specific for different 
amboceptors (see also note, p. 189). When the com¬ 
plement is destroyed by heating it is converted into 
" complementoid ” (analogous to toxgid). Both co m¬ 
plemen t and complementoid on injection give ciseulto 
antirComplement. The amount of complement in different 

sera varies considerably; horse 
serum contains very little, guinea- 
pig serum much. Complement 
itself probably consists -of-fcwo 
portions. 

Pfeiffer’s reaction is of con¬ 
siderable value in practical 
bacteriology for the exact re¬ 
cognition of bacterial species. 
A mixture of an emulsion of the 
organism to be tested with a 

tho union between com- 8,na ‘ l quantity of serum from 

plement (black) and a highly immunised animal is 
protoplasm of cell by . . , t , 

means of tho amboceptor injected into the peritoneal cavity 

(white). (After Ehrlich.) of a normal guinea-pig. The fluid 
in the peritoneal cavity is theit 
examined microscopically half to one hour after the in¬ 
jection, and if the reaction be positive the organisms will 
be fouud in all stages of degeneration, being mostly con¬ 
verted into spherules. In this case, according to Pfeiffer, 
the organism is to be regarded as belonging to the same • 
species as that by means of which the immunisation of 
the animal, from which the blood-serum was obtained, 
was carried out. If, on the other hand, the reaction be 
negative, the organisms are unaffected after being in the 
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peritoneal cavity for an hour or so, and the organism is 
then considered to be a species different from that used 
for the immunisation. Tlius, Pfeiffer’s reaction may be 
made use of to differentiate the cholera-like vibrios 
from true cholera vibrios and the members of the 
typhoid-colon group from one another. 

The destruction of the bacteria by bacteriolysis is 
regarded by some as being brought about by osmotic 
changes, by others by processes analogous to digestion. 
During bacteriolysis the specific immunising substances 
and anti-bodies are used up, and lor the lysis of a 
given quantity of bacteria a certain amount of immune 
serum is necessary, while sifter lysis lms taken place 
the latter loses the power of dissolving bacteria. The 
same holds good for haemolysis, and the facts relating to 
bacteriolysis and hannolysis are almost interchangeable. 

Anti-cndotoxic sera .—The comparative ineflicieney of anti- 
microbic sera, particularly typhoid, led Miicfadyeti to attempt 
to prepare sera with microbial endotoxins, and the work has 
been continued by SiidmcrBen and the writer. The method 
was to immunise horses with the endotoxin obtained bv the 
method described at p. 40. With a typhoid serum so pre¬ 
pared Goodall and the writer obtained promising results. 1 

Method of applying Pfeiffer's reaction. -For Pfeiffer's test, 
the organism must be virulent, and a bigh-grade immune 
•serum is necessary. If the organism is not, virulent, it is 
spontaneously destroyed in the peritoneal cavity without the 
addition of immune serum. The method may lw liest 
explained in the case of a vibrio supposed to lie the cholera 
vibrio. The cholera-iiniuuue serum (obtained from a horse 
repeatedly injected with cholera culture) should possess a 
litre of not less than 0 0002 c.c., i. e. this amount of serum 
mixed with one loop (2 mgrm.) of an eighteen-hour agar 
cholera culture (virulent), suspended in 1 c.c. of broth, and 
injected into the peritoneal cavity of a small guinea-pig 

1 Proe. Boy. 8oc. Med., vol. ii, 1807-H, Med. Sect., p. 246 el §eq. 
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should cause granular degeneration and bacteriolysis of the 
vibrios within one hour. 

Four mixtures are made— (a) one loop of an eighteen-hour 
agar culture of the vibrio to be tested, 0 001 c.c. cholera- 
immune serum, suspended in 1 c.c. of broth; (b) the same as 
(a), but 0'002 c.c. cholera serum; (c) the same as (a), but 
O'OOl normal serum of an animal of the same species as that 
furnishing the cholera serum; (d) one quarter loop of the • 
vibrio in 1 c.c. of broth, aB a control of the virulence of the 
culture. These mixtures are then injected into the peritoneal 
cavities of four guinea-pigs each of about 250 grm. weight. 
At intervals of thirty and sixty minutes hanging-drop pre¬ 
parations are made of the peritoneal fluid of each animal, the 
fluid being obtained by inserting a capillary pipette through 
a minute incision in the skin. In the guinea-pigs injected 
with (a) and (6), if the organism l>e cholera, the vibrios 
should show marked degenerative changes within sixty 
minutes, while (c) and (d) will show plenty of active 
vibrios. If the organism be non-virulent, two methods may be 
adopted for applying the Pfeiffer reaction. The first, a micro¬ 
scopical or direct method, is carried out by microscopical 
examination of liangiug-drop specimens of the organism 
suspended in a drop of the immune serum to which a trace 
of fresh peritoneal fluid (complement) is added. If the 
organism is homologous with the immune serum, the bacteria 
are soon transformed into granules. Controls are put up at 
the same time with a known strain of the organism with (1) 
its homologous immune serum + complement; (2) non- 
immune serum of the same animal + complement; also of the 
organism being tested with non-immune serum of the same 
animal + complement. The peritoneal fluid may be obtained 
by injecting 3-4 c.c. of broth into the peritoneal fluid of a 
guinea-pig and four hours later withdrawing the fluid (now 
turbid with leucocytes) and centrifugalising, or allowing it 
to stand on ice for twenty-four hours. 

In the second, or indirect , method, the organism is used to 
prepare an immune serum by injecting an animal (e.g. a 
rabbit) with it, and the immune serum so prepared is tested 
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on a known virulent stain in the peritoneal cavity of guinea- 
pijf 8 in order to ascertain whether or no it brings aliout 
bacteriolysis, «. e. the Pfeiffer phenomenon. 

Deflection, deviation, diversion or blocking of complement. 
— Pfeiffer in 1$95 observed that a large amount of immune 
serum might not protect an animal from the cholera vibrio, 
while a smaller amount with the same dose of vibrio did so. 
In 1901 Neisser and Wechsberg demonstrated an analogous 
reaction in vitro. They studied the effect of a Uicteriolytic 
immune serum when varying amounts of the inactivated 
serum were employed. The quantity ranged from OOOO-i c.c. to 
1 c.c. To each of these amounts 


constant volumes of normal 
serum and bacterial suspension 
■ were added. No bacteriolysis 
occurred when large and small 
amounts of immune serum 
were used, but with medium 
amounts bacteriolysis was com¬ 
plete. They explained this 
a nomalous reaction, the absence 
of—bacteriolysis with large 
amounts of immune serum, as 
fallows: When the amltoccp- 
tors are in large excess, a 
portion combines with the com¬ 
plement, leaving some ambo¬ 
ceptors free, and these free 



Fin. 84 - Diagram to represent 
tlie eniiilitioli of the blond in 
which there is an excess of 
amboceptors. The umlioeep- 
tors (white) unite witli Imth 
complement (black) anil re¬ 
ceptors i dotted), so that the 
Teeeptoi-H cannot combine wit li 
tin* amboceptor complement 
groups. 


amboceptors then unite with 

the receptors before the activated amboceptors (audio-• 


ceptors + complement) do, and tints the complement-audio. 


ceptor groups are rendered inert. The mu-tion is repre¬ 


sented diagrammatically in Fig. 34. Arrhenius, however, 
does not accept this explanation. He says: “ If we have the 
compounds ea and ab which may combine to form the com¬ 
pound eab, the formation of the latter depends wholly upon 
whether e has a greater affinity for ab than for a. If not, then 
ea b is not formed, even if a is not present in excess.'* (a = 
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amboceptor, e = microbe, b = complement.) The phenomenon 
may be quite analogous with the inhibition met with in 
agglutiuation (p. 196). 


Aggressins. 

Bail lias discussed the question of the relationship between 
bacteriolysis and immunity. He argues that there is apparently 
little relationship between the bactericidal properties of the 
body fluids and the immunity of an animal to infection 
through bacteriolytic processes; and points out that in 
rabbits immunised against anthrax there is no liacteriolytic 
power, the bacteria disappearing gradually as the result of 
phagocytic action of cells, chiefly marrow-cells; that a com¬ 
parison of the sera of Bheep, rabbits, and cattle shows great 
variation in their content of immune body, though the animals 
are almost equally susceptible to anthrax; and that in test- 
tube experiments a bacteriolytic serum is blocked when the 
conditions are approximated to those in the body by the addi¬ 
tion of body cells to the mixture; the bactericidal properties 
of the serum disappear or are greatly inhibited. Kruse 
suggested that for infection to take place the invading 
bacteria must elaborate chemical substances which so act on 
the cells and fluids of the invaded animal that they overcome 
its natural resistance against infection. These substances are 
considered by him and Bail to be distinct from the toxins, and 
are termed by these writers “ aggressins.” 1 The aggressins 
are supposed to lie secreted by the living uninjured bacteria 
and not to be extracts, nor derived by solution, of the bacteria; 
they occur particularly in the fluids of pathological oedemas 
and exudates, and may be obtained from these by centri- 
fugalisation and sterilisation at low temperatures. Bail 
believes that the aggressins cannot be anti-complements, 
anti-immune bodies, etc., but are substances heretofore 
unrecognised and the active' substances of the infection, and 

‘ See Centr. f. Bakt., Orig., xlii, 1806, pp. 61,' 139, 241, 336, 437, 
and 646. Also an excellent summary by Marshall, Philippine Jonn. 
of Science, vol. ii, 1907, p. 352. 
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h e co a a i derB Hi at i a order ta B wduaair ufi immunity ii Vl i^ an 
imti-aggressin sera must lm pcnpared The following are Home 
of the properties of these supposed aggressinn ; ^ Sterilised 
aggressin with a non-lethal dose of the corres]>oudiiig orga- 
uism renders {he latter fatal; £2) aggressin alone is only slowly 
toxic, producing a prolongedlUuess with emaciation preceding 
death; C3) inoculation of aggressin with bacteriolytic seriiiu 
iuto the peritoneal cavity suspends the action of the latter; 
(£1 aggressin with bacteria blocks phagocytosis. Bail Micves 
that the aggressins promote infection by interfering with the 
protective mechanism of the infected animal, particularly, if 
not solely, by inhibiting phagocytosis. Upon the jiower to 
produce aggressin Bail has classified bacteria into (JJ true 
parasites which always produce aggressin, c. y. anthrax and 
chicken cholera; (21 half-parasites, the aggressin-producing 
power of which is variable, e. y. typhoid, cholera, dysentery, 
and plague ; ( 3) saprophytes. Tim virulence of an organism 
does not coincide with aggressivity, and extremely virulent 
bacteria may lie half-parasites. 

Bail’s hypotheses have been much criticised, and Wasser- 
raann and Citron believe that the supposed aggressius are 
derivatives of the bacterial protoplasm which have tin* power 
of combining with the specific protective substances of the 
animal and so inhibit the action of the latter; they are, in 
fact, endotoxins of feeble toxicity. 

1 —Some blood spva possess marked powers 
of dissolving the red blood-corpuscles of another species, 
and of setting free tlieir contained haemoglobin (<\ y. 
goat serum dissolves rabbits' and guinea-pigs’ corpuscles, 
and human serum usually dissolves sheep’s corpuscles), 
and if an animal be injected with the blood-corpuscles 
of another species its blood-serum generally acquires 
the property of dissolving the blood-corpuscles with 

1 See Bulloch, Practitioner, December, 1000, p. 072, and Tram. Path. 
See. Load., vol. lii. Part 3,1901, p. 208; Gruber, “ Harlien Lecture*," 
Journ. State Med., 1902, February, March, and April; Ehrlich, 
Collected Btudiee o» Immunity j Muir, fjtudiet on Immunity. 
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which it has been injected. For example/ the serum 
of a normal rabbit has no hsemolytic action upon the 
red corpuscles of the sheep ; but if a rabbit receive a 
few injections of defibrinated sheep’s blood, its blood- 
serum acquires hajmolytic properties and dissolves the 
red corpuscles of the sheop. This solution o£-the 
blood -corpuscles is termed " haemolysi s.” and the sub¬ 
stances which produce haemolysis are " htemolv sins.” 
If the a c t ive serum be heated to 50° C. it loses its 
hmm olysin g power, but can again be rendered haemolytic 
or " activated ” by the addition of frttah normal serum ; 
n ormal serum, however, rapidly loses its, activating 
properties on keeping. It will thus be seen that there 
is an almost complete analogy between bacteriolysis and 
haemolysis, the latter being brought about by the inter¬ 
action of two substances, one specific and stable produced 
by the injections, the Jiawnolytic “amboceptor ” or 
"immune body,” and the other an unstable body present 
in fresh normal serum, the “ complement.!’ or “alexin.” 

HtBinolvsi n formed by,, the iujection of corpuscles of 
another species is termed “ heterolysin.” If corpuscles 
of the.j>aw<j,.apecica-be-.u4ected»lucmolysiu is. .formed 
(" isolys in but the injection of the animal’s own 
corpuscles does not give riso to liaemolysin, i. e. 
" autolysin ” is not formed. 

Blood-corpuscles are more tangible entities than bac¬ 
teria, and are far easier to work with than the latter, 
and hannolysis has been-the-subject'd u large amount 
of experimental work by .Bordet and Gengou, Ehrlich , 
Morgenroth, G ruber . Bulloch, Muir, and others, and 
the results obtained liave^sTied considerable light upon* 
the complex phenomena of immunity and of the actions 
of anti-bodies in general. Moreover, the glpfrnlicidal 
material in be identioal with • the 

bacterigiSd- one^ ln b a c teriolysis—that is to say, it is 
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the complement or ailexin. 1 According to Ehrlich’s 
view, whether it he normal or “ immune " serum (i. r. 
serum of a treated animal), bacteriolysis or haemolysis 
takes place only when the complement and amboceptor 
unite (Fig. 33, p. 182), complement by itself having 
little affinity for the bacterium or erythrocyte, the 
combination forming the “ lyxin,” which then acts. 
According to Gruber, however, neither baeteriolysin 
nor lnemolysiu exist sis si chemical entity, the specific 
bacteriolytic or haemolytic action being due to the fact 
that the cells first absorb the amboceptor and so 
become accessible to the complement, fair the two 
substances do not combine iia definite proportions—the 
more the blood-corpuscles sire hiden with the amboceptor 
the smailler the quantity of complement required to 
f bring about their solution. 

Mamy bacteria—c. ij. II. pijyfyttiwm, 1L typLujum, 
staphylococci and streptococci--produce lueiuolysins, 
and the haemoglobin staining occurring in septic dis¬ 
eases, etc., is probably pairtly due to the action of bodies 
of this nature elaboraited by the infecting organisms. 

Practical Uses of Hcemolysis, etc. 

1. Hsanuilff axa teat. —Some micro-organisms produce nou- 
jgpecific hemolysins, others do not; this may constitute a 
jdifference lietweeu allied orgainisms. For instance, as a rule 
/true cholera vibrio do not lnemolyse, while many cholera-like 
/vibrios do so. Win. be applied in two ways: («) 

1 As previously stated (p. 1H1), numerous complements undoubtedly 
exist, yet bacteria will absorb both bacteriolytic and haemolytic com¬ 
plements. Bordet and Gengou suppose that while a particular ambo¬ 
ceptor has a maximum avidity for its homologous complement (which 
may be termed dominant), it is also able to take up other "non. 
dominant” complements, and thus bacteriolytic amboceptor is able to 
absorb both bacteriolytic (dominant) and htemolytic (non-dominant) 
complements. 
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Defibrinated rabbits’ blood may be mixed with melted agar 
cooled to 45° C. The mixture is poured into Petri, dishes, 
allowed to set, and when cool inoculated with the organism to 
be tested in such a manner that separate, well-defined colonies 
are obtained. After twenty-four hours’ incubation at 37° C., 
colonies when hmmolytic are surrounded with a clear, well- 
defined halo contrasting sharply with the dark opaque colour 
of the agar. If blood-agar is not available, a substitute may 
lie devised by smearing some sterile human or rabbits’ blood 
on a sterile agar plate, (fo). A young agar culture is emulsi¬ 
fied in 4-di c.c. of physiological salt solution; 01 c.c. of this 
suspension is mixed in a tiny test-tube with 0‘9 c.c. of sterile 
salt solution and one drop of a sterile suspension of well- 
washed rabbit or other corpuscles. After twelve to twenty- 
four hours haemolysis will lie apparent, if the organism forms 
hemolysins. 

2. Fixation or ahsurplion teaU —A haemolytic serum may 
lie used as a delicate reagent for complement, anil may thus 
Berve as a tost for an organism or an immune serum. As an 
example take the case of a supposed cholera vibrio. If an 
immune serum (previously heated to 56° C. so as to destroy 
complement)—haemolytic for the corpuscles of an animal, or 
bacterioly tic for a given micro-organism, e. g. cholera vibrio— 
be mixed with the red corpuscles of the same animal, or with 
the cholera vibrio, the corpuscles or the vibrios respectively 
absorb the corresponding amboceptor or immune body. 

Bordet showed that if corpuscles or microbes that have 
absorbed the corresponding amboceptor be added to fresh 
nou-heated complement (e. g. fresh guinea-pig serum), the 
corpuscles or the microlies absorb the complement, so that 
none remains free in the liquid. 

I But-if-fresh guinea-pigs’ serum be added to cholera vibrios 
which have not absorbed any cholera amboceptor, the comple¬ 
ment will not be absorbed and remains free in the liquid. 
The jroof of-this is that if “ sensitised ” corpusc les (i. e. 
corpuscles, which- have .taSe n*up hamolytic"'8mbq<#btor l be 


* Often termed “ deviation of complement” test. 
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added to ouch a mixture, the globules are quickly hn*niolysed. 

2. Ifron tho-ofcho* band, vibrios which have already taken up 
the cholera amboceptor be added to the same quantity of 
fresh serum, the microbe-amboceptor complex absorbs the 
complement; <ond provided the amount of fresh seruiu is not 
too gresiit, the complement is ahsorlted so completelv that 
“sensitised” corpuscles when added to the mixture are not 
dissolved. J, If vijhrios other than cholera bo abided to cholera 
serum, the amboceptor is not. fixed, the complement addl'd 
remains free, and the sensitized corpuscles are dissolved. 
These facts constitute the “ Bordet.- 0engpu..pln^i i4> uu> |> o» ” 
The mixture of an inactivated linnnolytic serum (i\ «■. heated*"'" 
tji. 56° C.) with the homologous corpuscles (/.»*. those with 
which the haemolytic serum was prepared) is known as a 
“ haemolytic system.” The method of carrying out the test is 
as follows: The cholera-immune serum is heated to 5li° V. 
for half an hour. An eighteen hours old agar culture of the 
organism to lie tested is suspended in 2 e.e. of sterile physio¬ 
logical salt solution. The complement is fresh rabbit or 
guinea-pig serum; a portion of this is also boated to fit!° ('. 

(= non-iuunune serum). The following mixtures an 1 pre¬ 
pared in three small test-tubes: 

Tubes 1 and 2 each contain 0’2 e.e. niicmhic HiiH)N>nsion 
+ O’6 c.c. heated immune serum + OT e.e, complement. 
Tube 3 contains 0 2 c.c. miorobic suspension -f 0 <» e.e. 
heated non-iinmune serum + 0’1 e.e, complement. 

These are well shaken to mix their contents, and are kept 
for half to one hour at 37° C. At. the end of this t ime O’I e.e. 
of the following mixture is added to tubes 1 and 3: two 
volumes of heate d (to 56° C. for half an hour) serum Ineino- 
lysi ag^heep’a red corpu scles + one volume of washed sheep's 
corpuscles. r To tube 2 is added 0’1 c.c. of a mixture of two 
volumes of physiological salt solution + one volume of washed 
sheep’s corpuscles. The tubes are kept for a further hour 
or so at 37° C., and at the end of that time the occurrence of 
hsmolysis is noted. If the organism is homologous with the 
immune serum, the immune body will fix the complement in 



192 


Manual of Bacteriology 

tube 1 and no haemolysis will occur; in tube 3 haemolysis will 
occur because the complement remaius free. Tube 2 serves 
as a control, and should show no liaonolysis in three hours 
(though if kept for eighteen to twenty-four lioflrs haemolysis 
will occur if the organism produces htemolysins\ apart from any 
action of complement)! ' Tf the organism is not homologous 
with the immune serum, haemolysis will occur in tube 1, 
because the complement does not become fixed, tubes 2 and 3 
being the same as lwfore. 

The haemolytic serum may be obtained by injecting rabbits 
with a 1 0 per cen t, suspension of well-washed sheep’s red 
corpuscles. Pour doses of 5 c.c . intra-peritoneally or 2 c.c. 
i ll f r- vn l lnllll1v m-eymm.of., inte rvals. of-a-week. at, (lie emTo f 
w frjcli , pe riod tharabbitja serum should be strongly haemolytic. 
Tile sheep’s blood should be obtained as aseptically as possible 
from the slaughterhouse; the blood, as it runs, is caught in a 
sterile wide-mouthed bottle containing a coil of fiue.wire with 
which it is Qofihrmated by shafting- The fluid blood is then 
mixed - with sterile physiological salt solution (O ‘J-0'95 per 
cent.) and centrifugalised, and the deposited corpuscles are 
again washed with salt solution two or three times. 

3. Anti gen Tep t. --See “ Syphilis.” 

CytotoxinsJ— -Anti-.sera, analogous to the haemolysins or 
haemotoxins, may be prepared which have a destructive action 
upon cellular elements; these are termed “ If a 
rabbit be injected with bull’s semen, its serum (“ spennotoxin”) 
acquires the'pfoperty of iimnoT>ilisiug the spermatozoa of the 
bull. The reaction is specific, but spermatolysis does not 
seem to occur. Similarly, by injecting ciliated epithelium into 
the peritoneum of a guinea-pig an antimpithalial .serum, or 
" Jainha&Mfciitt” is developed. With liver, kidney, and nerve 
cells anti-bodies having a destructive action upon these cells 
are developed as a result of their injection. the 

serum of an animal inoculated with an emulsion of kidney, 
when injected into a second untreated animal, produces 
albuminuria and uraatoja with disintegratum ottlw epithelium 
of th e con voluted tubules; he pafcotox in. the serum of an 
1 See Bulloch, Practitioner, May, 1901, p. 496. (Bibliog.) 
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animal treated with emulsions of liver, produces fatty and 
inflammatory changes in the liver resembling phosphorus 
poisoning; ,1 “lirO f O v *" the serum of an animal treated with 
emulsions of nerve tissues, produces paresis, paralysis, 
depression, convulsions, etc.; a Jsusufcu&i*' serum obtained by 
injecting leucocytes agglutinates and dissolves the leucocytes, 
and so on. The formation and mode of action of these 
eytotoxins resemble those of the hoeniolysins. It was hoped 
that the study and preparation of eytotoxins would open 
up possibilities in the way of treating such diseases its 
carcinoma and sarcoma, but so far this 1io|h> has not Ihhmi 
realised. 

AoaUHBttiaauON.—If an animal be injected with cul¬ 
tures of typhoid or cholera, its serum soon net pi ires the 
property of agglutinating or of aggregating into 
clumps the typhoid bacilli or cholera vibrios re¬ 
spectively when mixed with a broth culture of these 
organisms. The reaction may be observed micro¬ 
scopically in a hanging-drop preparation; the organisms 
first lose tlieir motility and soon become aggregated into 
large masses or clumps. Mnnrnsnnpicnllv- the reaction 
may be followed in a narrow test-tube into which the 
mixture of ^ culture. a»d serum has been introduced ; 
after some hours the micro-organisms become aggre¬ 
gated into masses so large as to form visible flocculi. 
•The-substance*, which bring about this agglutination 
are known- as a gglutini ns. Agglutinins seem to be 
present in small amount in normal scrinn ; for instance, 
most noEsoai--human sera up to a dilution of I in 2 or 1 
i n 4 will a g glutinate the typhoid bacillus and still more 
■ Powerfully the glanders bacillus They are also present 
in .bacterial cultures; if an old broth culture of typhoid 
be filtered, the filtrate agglntinates the bacilli in a 
fresh broth culture; henca-yoiwn/cultures should always 
be used for agglutination tests. A gglut inin is f ormed 
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b y the action of antigen de y^rA frnm Uaahaetewal cell, but 
may also be naturally present. A ggl urina t ion , ifl hm a g ht 
a bout by the action of the agglutinin on thean£igeu ; the 
agglutinin first unites with the antigen, t and. this may 
occur at Q°C., and afterwards exerts its specific action, 
which takos place only at higher temperatures and in 
the presence of certain salts. Thft_uggluti*Mibfe*wrrtl^ 
stance is known as agglutinogen. Agglutinin is 
converted into agglutinoid at 70°— 75° 0. j the latter 
does not agglutinate, though it . bacteria 

and then prevents.the subsequent action of agglutinin. 

The agglutination of organisms by anti-sera, though 
hardly specific, is usually very special; given proper 
precautions as to dilution, time-limit, condition of test 
culture, etc., an anti-serum will generally only agglu¬ 
tinate the homologous organism or-closely allied species 
—that is, it is a group reaction. The anti-serum may 
agglutinate both the organism with which it has 
been prepared, and also allied species, though usually 
not to the same extent; auli=iyphuid serum, for example, 
may agglutinate not only the typhoid bacillus, but also, 
though to a less degree, members of the paratyphoid 
group. As the i-esult of infection or of inoculation with 
an organism, agglutinins may, however, be produced 
which agglutinate not only the organism of the infection, 
but also other organisms— e. g. typhoid serum may* 
agglutinat e the Ih coli as well as the B. typhoons and" 1 
typhus serum B. typhosus and M. melitensis. The 
ag glutinins acting ew the infecting, organism may be 
^termed primary or homologous, those acting on otjie r 
organisms secondary or lieterologous. In a case of 
doub1g~iiTfectioTr-ea rh -prg n ttl8Tfr~nmy produce its own 
primary agglutinin, so that the agglutination of two 
species by a serum may be due to the presence either of 
a primary and a secondary agglutinin or of two primary 
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agglutinins. Castellani, 1 by applying the saturation 
test (p. 201), found that an organism would absorb 
both its primary and secondary agglntinins, but would 
not absorb two different primary agglutinins. This 
test, therefore, would distinguish a double infection 
from a single one. Thus, if a typhoid serum 
agglutinated both the B. typhosus and the li. coli, and the 
serum after saturation with typhoid culture still agglu¬ 
tinated the B. coll, this would point to an infection with 
the latter as well as with typhoid. The formation 
of primary and secondary agglutinins may be 
brought about as follows: In the bacterial cell 
there are several substances, each of which forms its 
own agglutinin. The cells of two bacterial species wo 
can imagine both contain three or four substances 
capable of producing agglutinins, and it may happen 
that one of these in each species is the same and will 
produce the same agglutinin—the secondary agglutinin 
—and, therefore, the serum produced by each bacterium 
will agglutinate the other. 

The agglutination reaction is made use of in bacterio¬ 
logical tests and in clinical diagnosis. The “ Bordet- 
Durham ” reaction consists in testing an unknown 
organism with a specific anti-serum prepared by injecting 
an animal with a known microbe; if the organism tested 
•becomes agglutinated, it is regarded as being of the 
same species as that with which the anti-serum was 
prepared. With certain precautions the “ Bordot- 
Durham ” reaction is one of the most delicate and certain 
for the recognition of bacterial species. Thu,couverse 
of this js the agglutination reaction proper (frequently 
termed the Widal reaction), and consists in testing an 
unknown serum upon a known microbe. It is especially 
used in the diagnosis of microbial diseases ; for example, 
1 Zeittehr. /. Hyg., ll, 1602, p. 1. 
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in typhoid"*fever the blood of .the- typhoid patient 
powerfully agglutinates the typhoid bacillus, that-o£ 
Malta ieyer the Micrococcus mejitensis , that of bacillary 
dysentery the dysentery bacillus, etc. 

A remarkable phenomenon observed in connection 
with agglutination, which the writer has particularly 
noticed in the. case.of Malta fever, is the occurrence of 
what, may be termed a zon e of no reaction or of 
inhibition with some particular-dilution. Thus, dilutions 
of 1 in 10 and 1 in 20 may agglutinate strongly, a 1 in 
3Q, however, may hardly agglutinate at all, while 
dilutions of 1 in 40 and upwards to 1 in 100 or more 
may agglutinate well. A-similar phenomenon has been’ 
observed with non-specific agglutinating agents, and also 
in the action of coagulating agents on colloid emulsions. 
Thus orthophosphoric acid agglutinates a certain volume 
of a suspension of JB. coli when present to the extent of 
between 118 cgrm. and 4-£grm., and between IT mgrm. 
and O'OOl mgrm., but not in intermediate amounts 
between 40 and IT mgrm. 

Anti-serum, prepared by injecting erythrocytes, also 
agglutinates the red blood-corpuscles, and in certain 
diseases, e. g. pneumonia, chromocyte clumping may be 
a marked feature. 

Vni-inna thnanlaa Imvc been propounded to account 
for the phenomena of agglutination : 

1. P feiffer and Emmerich and Loew regarded agglu¬ 
tination as a vital paralysis of the bacilli due to the 
action of a bacteriolytic enzyme. Agglutination, how¬ 
ever, is n ot a v ital phenomenon, fo^dcad bacilli agglu¬ 
tinate, and bacteriolytic enzymes Beetn to be destroyed 
byTemperatures at which agglutinins remain unaffected. 

2. Grube r. Dineur and supposed that a 

glutinous substance, ** g la brificjp,” is absor bed from the 
pewauh^.iha,Jb«giUi causing the cslLmembianea..ox, the 
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flagella to. beecyno .adhesive; but this explanation will 
hardly account for the aggregation of nun-motile 
organisms. 

8. Paltau f qnd Dug lmix considered that u precipitate 
is produced in the medium, which during flocculation 
mechanically carries the bacilli with it; but there is no 
demonstrable evideuce that such precipitation occurs. 

4. JBordet separated the mechanism of agglutination 
into two stages—(1) fixation, of agglutinin, and (2) 
aggre gation . The fixation of agglutinin by the organisms 
he considers to bo analogous to the adsorption of a dye 
by a tissue; and once the agglutinin is fixed, the 
organisms obey the laws of inert particles, aggregation 
being caused by changes in surface tension, in the mole¬ 
cular attraction, between the organisms and the 
surrounding medium, a view supported by Craw. 1 
Olinn 8 however, believes that the union of agglutinin 
and agglutinablo substance is not analogous to the 
fixation of a dye by a tissue, but that it is a chemical 
combination, as maintained by Ehrlich. 

Agglutinated bacteria are not injured by agglutina¬ 
tion ; they will, in fact, grow and multiply in an 
agglutinating serum. The amount of agglutination does 
not bear any constant ratio to the intensity ul an 
infection; on the whole, if the patient is reacting 
'satisfactorily to an infection, the agglutination reaction 
tends to be marked ; if not, it may bo feeble or absent. 
Tints, in severe typhoid infections with fatal issue, 
agglutination may be absent, liuffer and Crendiropotilo 
regard the agglutinins as being formed in the poly¬ 
morphonuclear leucocytes. 

1 Journ. of Hygiene, vol. . oH)5, p. 113. S*’*r 1i1h " Joom ' deihrhr.f. 

Hyg., xxxvi, p. 422, and ibid., xl, p. 203. 

a Philippine Journ. of Sr.-ence, vol. iii, p. 47. 

* Brit. Med. Journ., 1002, vol. i, p. Ml. (Bililiog.) 
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The Agglutination Reaction. 

a. For Clinical Diagnosis (“ Widal" Reaction). 

Thin is principally made use of in typhoid and paratyphoid 
fevers, Malta fever, and bacillary dysentery. ' 

Collection of blood .—Blood is collected (p. 131), preferably 
in a Wright’s capsule (Pig. 35, d, p. 225), or in a capillary 
bulbous pipette (Fig. 7, p. 51), or in a vaccine tube. The 
ends of the tube are sealed, the dw y e nd always being sealed 
first; the blood is allowed to coagulate (which may be hastened 
by placing in the blood-heat incubator), and then eentri- 
fugalised to separate the serum, care being taken thaLthadry 
sealed end of the tube, which will be perfectly sealed, is distal 
when spinning. 

If tubes are not available, the Wood may be spotted on to a 
piece of glass, covei^glass, or slide, glazed paper, tinfoil, etc., 
and allowed to dry. For use, a d^P of distilled water is 
placed on the dry blood to dissolve it, and the solution used 
like serum. 

JUka-culture .-—For the microscopic test a young broth culture 
is to be preferred. A hanging drop should lie examined to 
ascertain that clumps are absent; this specimen is kept as a 
control. If clumps are present they may be removed (in the case 
of typhoid) by filtering the culture through filter-paper. A 
suspension .of an agar culture may also be used, likewise dead 
cultures : a brot h c ulture or suspension of an agar one being 
heated to 65° C- for ten minutes and preserved in sterilised 
glass pipettes; dead cultures are, however, unsatisfactory in . 
tropical climates. For the macroscopic teBt a thick suspension 
of an agar culture in salt solution is to lie preferred, the sus¬ 
pension being allowed to sediment for half to one hour before 
use. Some strains of an organism are better than others, and 
oldrlaboratory strains are generally much more sensitive to 
agglutination than recently isolated ones. 

Dilution if thesesuin .—This may be carried out in various 
* ways, with the hcemocy tometer pipette, with a pipette with 
rubber teat as used for opsonin work (Fig. 35, a, p. 225), 
or with a platinum loop. With the pipette a little serum is 
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aspirated up so as to occupy 1J-2 cm. of tliu stem, ami 
the upper limit is marked with a grease )>eucil or ink. A 
bubble of air is then admitted so that an air-space is left 
between the end of the pipette and the lower end of the 
column of serunl. The end of the pipette is then immersed 
in a watch-glass of salt solution, and the salt solution is 
aspirated up to the mark, another bubble of air is admitted, 
and the process is repeated again and again ; so that, finally, 
the pipette contains 1 volume of serum ami 1 11 volumes of 
salt solution, each volume lieing separated from the next one 
by an air-bubble. The contents of the pijiefle are then 
expelled into a watch-glass ami thoroughly mixed, and further 
dilution of this dilution is performed in the same manner. Two 
or three dilutions are usually made e. </. 1 in 1 - r *. 1 in 25, and 
1 in SO. A platinum loop may also lie employed as a measure ; 
a loopful of the serum is de]Mi«ited hi a watch-glass, and by 
spotting round it nine or fourbvn loops of sail solution a 
dilution of 1 in 10 or 1 in 15 is prepared, or any other 
dilution in a similar manner. 

m ic r o iiCQfrie tent Two or three hanging-drop slides are 
vaseliued, and two or three rover-glasses cleaned. One loopful 
of a dilution of serum is placed on each cover-glass, and 
to each is added a loopful of the broth culture of the organism 
— e.g. typhoid—and well mixed up, and the H|s*rimeiis are 
mounted as hanging drops. Starling with three dilutions of 
serum— e.g. 1 in 15, 1 in 25, and 1 in 50 the dilutions in 
the specimens will be 1 in 80, 1 in 50, and 1 in 100 resj**c- 
tively. Should only one dilution of serum have l>eeii made e.g. 

1 in 15—if on each cover-glass one loopful of this Is* placed, 
and to the first lie added one loopful. to the second two loop- 
fills, and to the third three loopfuls of typhoid culture, then 
the final dilutions in the three specimens will lie 1 in 80, 1 in 
45, and 1 in 60 respectively. 

Care should be taken that the hanging-drop cultures are 
quite sealed with the vaseline, so that evaluation is pre¬ 
vented. The hanging drops are then examined microscopic¬ 
ally. | j.in nlijiytiin mfritty typhoid, lu the case of 
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typhoid the following phenomena will be observed : The 
nrntility.^of.iUe majority of. the bacilli is instantaneously 
or very quickly arrested, and in a few minutes they begin to 
aggregate together into clumps, and by the end of the half 
hour there will be very few isolated bacilli visible. Ip, less 
marked cases the motility of the bacilli does not cease for 
some minutes, while in the least marked ones the motility of 
the bacilli may never be completely arrested, but they are 
always more or less sluggish as compared with the control 
hanging drop made from the culture, while clumping ought 
to lie quite distinct by tho end of one hour (with a 1 in 30 to 
1 in 50 dilution). 

The central portions of the drop should lie examined, not 
the margins. With blood which has been dried and dissolved, 
organisms may become entangled in debris, and must not be 
mistaken for clumps. 

In all cani'ii two or three different dilutions should be made 
ta exclude the possibility of a “ zone of no reaction ” with some 
particular dilution {ere p. 106). 

Macroscopic, or sedimentation method .—The serum, having 
been diluted by means of a pipette with four times its volume 
of salt solution, is mixed with live to twenty times its volume 
of culture suspension containing plenty of micro-orgauisms 
in the same manner as described in the previous section. 
The mixture is sucked up into a fine, but not capillary, bore 
tube. This is sealed at the lower end and allowed to stand 
in the upright position for eight to twenty-four hours at 
20° C., or six hours at 37° C.; the reaction is often distinct. 
within an hour at 37° C. When the reaction is positive the 
organisms become agglutinated, and form flocculi, which are 
easily seen with the naked eye or with a hand-lens and stick 
to the sides or sink to the bottom of the tube. The dilution 
usually employed is 1 in 30 to 1 in 50. Whole blood is not 
suitable for the sedimentation test; clear serum should 
alwuys be used. It is well to set up at the same time a 
control tulio with saline solution, or, preferably, with normal 
serum. 

If sufficient serum is available the mixture may be put up 
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in little test-tubes, such as the inner tubes of Durham's 
culture-tubes (p. 84). 

B. For the Recognition of Bacterial Sped, *. 

1; BordeUDurham Reaction. - This is curried out in much 
the same manner as for clinical diagnosis, hut an immune 
serum of high agglutinating value or high •• til re " (at least 
1 : 1000) is required, and the serum from a patient is not 
applicable. The immune serum may he obtained from a 
horse or other animal immunised with killed cultures (and 
living also if a high t.itre is required). lu the lahoraton the 
serum may be prepared by giving a rabbit three to live intra¬ 
venous injections at intervals of seven days of killed culture 
of a virulent strain of the organism, >• typhoid or cholera. 
The culture is killed by heating to lilt’ <>. r > (' for half an 
hour, and the dose is increased from one loop lo ten loops of 
an agar culture. Seven days after the lust dose the animal 
is bled from an ear vein, and the serum obtained. The 
agglutinating value of the serum must lie determined, and 
controls should always lx* put up with normal serum of an 
auinial of the same species as that from which the immune 
serum has been obtained. A series of dilutions of both sera 
is mode with salt solution and a twenty-four-hour agar culture 
of the organism to be. tested used. Both the macroscopic 
and microscopic methods should Is- employed. The dilutions 
may be mode with a 1 ec. pijs-tte graduated in hundredths. 
. with the hcemocytoinetcr pijs-ttes. or by the met hoi] used 
clinically. 

2. Saturation teat .—Bordet first noticed that a sus)«-nsion 
of a microbe added to the homologous agglutinating serum 
absorbs most, if not, all, the specific agglutinin, whereas an 
organism not homologous with the serum absorbs little or 
only a portion of the agglutinin. The test may Is- carried 
out os follows: 

(a) Ten loopfuls of a young agar culture of the organism 
to be tested are mixed with 1<) c.e. of a 5 per cent, solution of 
a highly agglutinating serum. After standing for two or 
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three hours at room temperature, the mixture is ceutrifugalised 
and the clear supernatant fluid decanted. 

(b) The agglutinating power of the decanted liquid is then 
tested on the organism with which the serum was prepared. 
If the organism treated in (a) is homologous with the 
organism with which the agglutinating serum was prepared, 
the decanted fluid will have lost moBt, or a considerable 
proportion, of its agglutinating power for the latter. 

Ti^MKioaTtcutML-BB^p^iow.—Aseeli has found that if 
an iuunuue serum be mixed with an alcoholic extract of the 
homologous antigen, and the mixture incubated at 3,7° C. for 
two hours the surface tension is reduced; if. the serum and 
antigen extract are not homologous the surface -tension is 
unaltered. For example, in the case of typhoid the following 
is the procedure. An alcoholic extract of typhoid bacilli is 
prepared; this is diluted with saline solution to 1-1000— 
1-1,000,000. The typhoid serumis similarly diluted, 1-10. To 
9 c.c. of the diluted serum 1 c.c. of the diluted antigen extract 
is added. By means of some form of viscosimeter or stalag- 
mymeter the number of drops yielded by a given volume of 
the mixture is ascertained, immediately after the mixture is 
made and after the mixture has been incubated at 37° C. for 
two hours. If the surface tension has been reduced, the 
number of drops counted in the second determination will be 
greater than in the first. 1 

. AjJJfctfJjUMiBMTS.-—By the injection—ef renuin or other 
Hie blood-serum of the treated animal acquires the 
property of neutralising the action of the enzyme with which 
the inoculation lias been performed. Thus if^sannin and 
anti-rennin (the serum of an animal injected with rennin) t be 
miypd with milk-no. curdling takes place. Similarly, the 
serum of an animal inoculated with pancreatin inhibits the 
action of this ferment, and if coagulated egg-albumen, 
pancreatin, and anti-pancreatin be mixed, the egg-albumen 
undergoes no digestion. 

1 See Ascoli and Izar, Minch, med. Woch., lvii, 1010, pp. 62, 182, 
and 402. 

* See Dean, Tram. Path. Soc., loud., vol. lii, 1001, Part 2. p. 127. 
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tlmomujfp. . 1 ™ the first to demonstrate the 

presence of specific precipitins in blood l»v adding typhoid, 
and plaUH^.aoitbsera to filtrates of the cultures of the 
corresponding microbes. If to such a filtrate in a test-tube a 
little of the corresponding anti-serum Ik* added by running in 
carefully, so that it forms a layer at the l>ot.toiu,an opalescent 
ring makes.its appearance at the line of junction of the two 
fluids. So al so if an animal lie injected with milk, its scrum, 
when added to milk of the same kind as that- with which it 
has been injected, causes precipitation of the casein. This 
reaction is specific, and it is thus jiossihlc to distinguish 
various milks from one another. Similarly, anti-sera, which 
produce precipitates, each with the homologous substance, are 
obtained by the injection of peptone, of egg-albumen, blood- 
serum, and other proteins. The latter reaction him an 
important medico-legal application, for by means of it t lie 
blood and flesh of different aperies of animals ran 1 m* distin¬ 
guished. Thus the presence of horseflesh in sausages ran lie 
detected. The method employed is to inject, a rabbit intra- 
pentoneally with four to six injections of defiI>ritinted blood 
or of blood-serum (or with a solution of the partieular 
substance, e.g. horseflesh), commencing with about 5 c.c. and 
increasing to 10 c.c. at intervals of a few days. After treat¬ 
ment the animal is bled from an ear vein, and the serum is 
obtained. The blood to be tested may Is* dried on filter-paper, 
pieces are then cut up, a solut ion is mode in 1 ft j»er cent, sodium 
chloride solution, and to this the specific serum is added. 

* Tested iu this way b miia.ii blood anti-serum reacts— i. e. forms 
a precipitate—markedly with human blood, less so with ii|s*'s 
blood,not at all with other blood; ox blood anti-serum reacts 
with ox blood, less so with sheep, feebly with horse*, hardly at 
all with dog. Mixtures of bloods may also lie tested. Pn*ci- 
pitina are also formed naturally in vivo. * Thus the serum of a 
patient the subject of hydatid disease gives a precipitate with 

1 See Nuttall, Journ. of Hyg., vol. i, 1901, p. (Bibliug.), also 
Brit. Med. Journ., 1002, vol. i, p. H25; Welsh ami Chapman. Journ. of 
Hygiene, vn\. x, 1910, p. 177 ; ibid.,Auetrala$ian Metl. Oatelle, December 
21st, 1908 (hydatid disease). 
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hydatid fluid, and the reaction may be used diagnostically. 
The production of the anti-body seems to be due to the 
globulin constituent of the injected serum. 

It will thus be seen that the anti-bodids which result 
from the injection into an animal of different substances 
are extremely numerous and have varied properties, 
their most notable characteristics being their extreme 
specificity and the extraordinary delicacy of the inter¬ 
actions produced by them. It is important to note that 
these anti-bodies are produced only as the result of 
inoculation with complex compounds allied to the pro¬ 
teins. The. tolerance established by the ingestion or 
inoculation of simpler compounds, such as arsonious 
acid and morphine, is of a different nature, and is not 
coincident with the development of anti-bodies. Accord¬ 
ing to Khrlich, the latter kind of tolerance may be duo 
to the exhaustion or using up of certain receptors 
(“ olierno-receptors ”) of the protoplasm (see p. 216). 

Immunity . 1 

No fact in biology is more striking than the differ¬ 
ences in susceptibility to infection exhibited by 
different races and different animals. For example, 
the natives in many parts of the world are com¬ 
paratively insusceptible to yellow and typhoid fevers 
and malaria, the dog and goat are rarely affected 
with tuberculosis, and tetanus is never met with 
in the fowl j and to come nearer home, while 
some individuals are lucky enough to escape most 
of the commoner infectious fevers, others seem to 

Set) Metchnikoff, Immunity in Infective Diseases. 1005. Also Bril. 
Med. Journ., 1002, vol. i, p. 784 ; 1004, vol. ii, pp. 557-582 ; and 1007, 
vol. ii, pp. 1400-1425; Jours, of Hygiene, vol. ii, 1002; Emery, Im¬ 
munity and Specific Therapy, 1000. 
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contract them on every possible occasion, and to 
gaffer from all the ills that flesh is heir to. These 
instances show that there is often a natural insnsccpti- 
bility to infective disease, or a natural immunity, as it 
is termed. This may bo complete or partial, or it 
may appertain only to a race—“ racial immunity ” ; 
or, varying in different individuals and at different 
ages, it constitutes “individual immunity,” as in the 
case of diphtheria and scarlatina, which become more 
and more rare as age advances. 

Still more striking, perhaps, is the fact that an 
insusceptibility may be acquired after an attack of 
infective disease or be conferred in certain instances by 
inoculation. Thus second attacks of smallpox and 
scarlatina are rare, inoculated smallpox and vaccinia 
protect against variola, and bacterial vaccines confer 
considerable protection. 

With regard to the immunity of native races to 
certain diseases, this is probably duo to natural 
selection and heredity ; during long periods of time, the 
individuals being all exposed to the same risks, the 
susceptible ones are weeded out, while the survivors 
transmit their insusceptibility to their descendants ; but 
this, of course, does not explain tin* reason for the 
relatively greater immunity of the insusceptible indi¬ 
viduals. Immunity is generally not absolute either to 
infection or intoxication; that is, infection can usually 
be induced under certain conditions. r l 1ms f**wls, which 
are highly refractory to tetanus and tolerate consider¬ 
able doses of tetanus toxin with impunity, can be 
tetanised with large doses of an active toxin; white 
rgJbs, which are insusceptible to anthrax, become 
WWpt'l > l a after fatigue, or when fed on an exclusively 
vegetable diet. Immunity is therefore either (1) natural, 
or (2) acquired, and it is evinced against either (a) toxins. 
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or (6) mioro organiamo, a nd these different phases must 
be considered. 

1. Natural immunity against toxins .—There are 
various non-specifi c reactions in, t he iaodv bv which 
toxins may be eliminated or destroyed. Thus the 
nf t,h« vp.hhp 1 s and the agseleraMon. of--the 
b lo od -stream which take place in an inflamed area 
dilute and eliminate the toxin, and the2 proteolytic 
enzymes produced .by the organisms and as a result of 
tissue disintegration may have a destructive action on 
the toxins. ; Oxidation, hydration and dehydration and 
various analytic and synthetic processes which go on in 
the body, and particularly in the liver, are other 
agencies whereby toxins may be destroyed. 'These 
non-specific processes by which toxin is destroyed or 
eliminated, though of the greatest importance, can 
probably deal with only small amounts of toxin ; if large 
amounts are present, specific reactions have to be evoked. 

Another cause of natural immunity to toxins may be 
; the absence of suitable receptors for the toxin. As 
already stated (p. 161), in order that a bacterial 
toxin or endotoxin may produce intoxication, it must 
become anchored to the cells by its haptophore group, 
and that this may occur the cell molecules must 
possess atomic groups or side-chains (“ receptor 
groups ”) which have a special affinity for the hapto¬ 
phore groups of the toxin. Should these be wanting 
the toxin cannot become anchored to the cells, its 
toxophore groups cannot exert their influence, and 
natural immunity is the result. 

This has been proved to be the case in several 
instances. Thus in the lizard and tuKJtle, if tetanus 
toxin be injected no effect is produced, but the toxin is 
not eliminated and remains in the body for months, as 
may be proved by withdrawing a little of the blood 
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and injecting it into a mouse; the animal dies of 
tetanus. 

- In other instances, for some reason or other, the ceils:.- 
of the animal are insusceptible to the toxophore group 
ofthe toxin. Tlius, if an alligator he injected with tetanus 
toxin, no effect is produced, but the toxin rapidly dis¬ 
appears from the blood. If the animal be kept at ordi¬ 
nary temperature (20°C.), although the toxin disappears, 
antitoxin is not formed, but if it is kept at 5M)°—.‘17° 0. 
antitoxin is rapidly produced. The two experiments 
together suggest that the toxin is fixed by the cells, 
but has no efFect upon them ; if the toxin were not 
fixed, it would be possible to detect it, and presumably 
it would not produce antitoxin. 

2. Natural immunity ayainut viirro-orijavixmn .—A 
lumber of factors are doubtless eoneerned in preserving 
die body from invasion by micro-organisms, and while 
non-Hpecific reactions'may suffice when the number of 
avganisms is small, specific reactions have to be evoked 
if the number of organisms is large. Thcf-unlmikuu 
surfaces of the body have a considerable protective 
action in preventing the entrance of micro-organisms. 
Tha. flushing-out action of accelerated circulation will 
exert some action in eliminating organisms from a 
localised focus of infection just as it does with toxins. 
The body temperature may be ol some importance, and 
the febrile condition so generally induced by infection 
is probably to some extent protective and curative. 
Thus frogs, .fish, and chickens are naturally immune to 
anthrax. In the one case the body temperature is 
low^.I£° C. or thereabouts; in the other it is high, 
40° to 41° C., and this may influence the growth of 
the anthrax bacillus, preventing the full and rapid 
development which may be necessary for the produc¬ 
tion of the disease. That such is the case would seem 
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to be shown' by experiments in which when the tempe¬ 
rature of the medium is raised or lowered, infection 
takes place; frogs and fish kept in water raised to 
a temperature of 35° C., and chicken refrigerated so 
as to reduce their temperature, all perish from anthrax 
after inoculation. It is clear, however, that this is not 
necessarily the only factor, for sparrows, which have a 
temperature as high as that of the chicken, can be 
infected with anthrax without refrigerating. Behring 
would ascribe the immunity of white rats to anthrax to 
the high alkalinity of their blood, and claims to have 
shown experimentally that a vegetable diet reduces 
this, and fatigue is said to act similarly. 

In some cases the animal, after invasion by the 
organism, becomes gradually tolerant to its presence 
' (immunitax non sterilisana). This is particularly the 
case in_protozoan infections, e. g. piroplasmosis. The 
animal, after a period of ill-health, gradually recovers, 
though the organisms may still be present, as can be 
demonstrated by injecting some of its blood into a 
snsceptible animal. Conceivably the receptors neces¬ 
sary for the intoxication become gradually used up, 
and when this state is attained the animal becomes 
insusceptible. 

t/ The blood, lymph, and other fluids and tissue juices 
undoubtedly exert a more or less germicidal action on . 
bacteria experimentally in vitro, and to some extent 
probably also in the body. But in this respect there is 
often a marked difference between the circulating blood 
and the blood in vitro. 

Lewis and Cunningham (1872), Traube andGsclieidlen 
(1874), Fodpr (1877), and Wysokowicz showed that 
bacteria injected into the circulation rapidly disappear, 
and were inclined to attribute this result to the bacteri¬ 
cidal properties of the blood. In the main, however^ 
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this disappearance is due to lodgment in the capillaries, 
phagocytosis, and excretion l»y the excretory glands. 

Halliburton prepared from the lymphatic glands a 
.protein, cell-globulin (j (really a. muelcn-prutoin). 
Haukin found that this substance had marked germi¬ 
cidal properties, and concluded that it was probably 
the germicidal constituent of the blood-serum. Hitter, 
who repeated Hankin’s experiments, failed, however, to 
confirm them. To..the germicidal constituents of the 
cells and body fluids Buchner gave the name “ alexins.” 

. Grohmann performed the first, experiments with 
extra-vascular blood. He found that anthrax bacilli, 
after being kept in plasma, became less virulent. Fodor, 
adding anthrax bacilli to blood ami plating at intervals, 
found there was a progressive diminution in tin 1 number 
of organisms. 

Nuttall,-in 1888, used the defibrinated blood of several 
animals, rabbits, mice, pigeons, sheep, and found that 
it destroyed the Ii. unthrucin, li. auUilin, JJ. niryutcriiim, 
and M. pyoymien var. anrvns. lie confirmed 1'odor s 
results, which also showed that after a while the blood 
loses its germicidal properties mid becomes a. suitable 
culture medium. The blood or scrum similarly loa.es 
its-bactericidal properties on heating, and serum that 
has once been used loses its bactericidal properties. 
Nissen continued this work, and also lound that fresh 
serum is germicidal for a variety of organisms. 

In l8UU,,JBuchner with Yoit, Sittmann, and Orthen- 
berger came to ..the conclusion that the germicidal 
action of cell-free serum is due to the protein 
% constituents. 

Christmas prepared a germicidal, substance from the 
spleen, and Bitter, who examined the method, in the 
main confirmed Christinas. 

Behring and Nissen, however, found that the serum 

14 
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of the white rat, dog, and -rabbit destroys the Bacillus 
anthracis, but serum from the mouse, sheep, guinea-pig, 
chicken, pigeon, and frog has no action. Thus, while 
the rabbit is highly susceptible to anthrax, its serum is 
germicidal; the chicken, on the other hand, is immune 
to anthrax, but its serum is inactive. Hence there is 
a considerable difference between the action of circu¬ 
lating and of extra-vascular blood. 

Vaugban, Novy and McClintock, in a series of papers, 
ascribed powerful bactericidal properties to the nucleins, 
and surmised that in serum the nucleins set free by the 
disintegration of leucocytes and other culls are the 
germicidal agents. Forrest and the writer 1 found, 
however, that all the germicidal properties ascribed by 
Vaughan to the nucleins are probably due to the weak 
alkali in which the nucleins were dissolved, and came 
to the conclusion that Vaughan’s results are at least 
not proven. 

(Jengou also found that the plasma collected in 
vaselined tubes is often almost devoid of bactericidal 
power, whilst the corresponding serum may be capable 
of destroying large numbers of micro-organisms. 

We therefore see that while the blood, lymph, and 
other fluids and tissue juices undoubtedly exert more 
or less germicidal action on bacteria experimentally in 
vitro, there is often a marked difference in this respect 
between the circulating blood and the blood in vitro 
and it may be doubted if this factor is of great im¬ 
portance in 'the production of natural immunity. At 
the same time, it is to be noted that directly infection 
has started more or less cellular disintegration and 
serous exudation occur, and thus the germicidal action 
of the body fluids and tissues may be exerted in vivo, 
though such substances may act rather by stimulating 

1 Jou.rn. Roy. Army Med. Corps. 
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the leucocytes or by rendering the bacteria more 
phagocytosable, as will be referred to later (p. 220). 

Thus Kanthack and Hardy found that flu- coarsely 
granular oxygliile leucocytes in the frog are first, 
attracted to the site of a bacterial invasion, there 
discharge their oxyphile granules, the bacteria then 
show signs of degeneration, ami polymorphonuclear 
leucocytes and other “ phagocytic ” cells now approach 
and ingest the degenerate bacteria. The observations, 
however, do not seem to have been confirmed. Wool¬ 
dridge also protected animals from anthrax by injections 
of “ tissue fibrinogen ” (nucloo-protein). For some micro¬ 
organisms a bacteriolytic mechanism exists, the ambo¬ 
ceptor-complement complex, whereby they may lie 
digested and got rid el. Thus normal serum has a. 
marked bacteriolytic action on 11. /i/jihami.s and It. coli. 
In many cases, however, >■. »/. for staphylococci, such a 
lmcteriolytie mechanism does not naturally exist, but 
may be evoked as a result of infection. 

The hypothesis which ascribes immunity to the 
germicidal and bacteriolytic action of substances in tin- 
fluids of the body has been termed the “ hjpnonjl 
thgoc-y.” 

Another important theory of immunity is the doctrine 
of phagocytosis, so ably supported by MetchnikolT. 
{This is die cellular ” theor y of immunity. It has as 
its basis the following fundamental facts: Firstly, the 
leucocytes in the circulating blood ingest and destroy 
any foreign particles present therein ; secondly, an injury 
to the tissues is immediately followed by an inflammatory 
reaction, in which the leucocytes emigrate from the 
vessels and congregate at the injured spot. Similarly, 
in many instances the leucocytes rapidly congregate 
at the seat of a bacterial infection, and approach 
and engulf the bacteria in the same manner as they 
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do other foreign particles, and'so rid the body of the 
unwelcome guests (Plate I., a and b). 

The- -migration- of the leucocytes towards the scene 
of action m explained by Metchnikoff on <the hypothesis 
that the chemical substances elaborated by the bacteria 
attract the latter and exert what he termed “ positive 
obemptuxis.” In this case the bacteria are removed by 
the leucocytes, and general infection and death do not 
occur. But, unfortunately, in other cases the bacterial 
chemical products repel, or perhaps it is more correct 
to say do not attract, the leucocytes, and “ negativ e 
(duuuotaxis” occurs, so that the bacteria are free to 
grow and multiply, and general infection ensues. 
Positive and negntivf. nun be jho\VJJUta.UCCUr 

1ml a simple exp eriment. ■ If a tine capillary tube con¬ 
taining some peptone solution be introduced into a 
suspension of bacilli, e. g. JB. fluorexcens liquefaciens , 
under a cover-glass, and watched microscopically, the 
bacilli will be attracted to the tube and soon invade its 
lumen. If, however, a weak acid be substituted for the 
peptone water, the bacilli will be repelled. The process 
by which the bacteria are ingested by the leucocytes 
can be similarly watched. Tim leimnr.yt.gH whirli an t, 
in.ibis- i n a mte r-are-term cd phagoc ytes, and they are of 
two-odasses—the macrophages, the large mononuclear 
leucocytes, and the smaller microphages, or -poly-’ 
morphonuclear leucocytes. Certain .of_ thejfcisgue. cells 
and endothelial cells also, possess, phagocytic-properties. 
The importance of phagocytosis is also shown by the 
fact that, while in ordinary susceptible rabbits infection 
with anthrax is followed by a feeble phagocytosis and 
the animals succumb, in rabbits vaccinated against 
anthrax phagocytosis is very active. Moreover, in an 
animal refractory to anthrax, such as the frog, anthrax 
bacilli grow and multiply if they be enclosed in paper 
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or collodion sacs, so as to prevent the access of the 
phagocytes. 

Phagocytosis, in vitro, and probably also in the 
normal body, extraordinarily active, so that it might 
be expected always to be sufficient to deal with any 
number of bacteria that might be introduced. !£, 
ho wever, the bact eria be virulent, negative cheiuotuxis 
will oc cur. Moreover, the presence of substances 
which render the bacteria plmgocytosable, “ opsonins,” 
is necessary, and it seems likely that the amount 
of opsonin becomes diminished in infection (see 
p. 221). 

Metchnikoff admits that the destruction of bacteria 
in phagocytosis is brought about by chemical bacte¬ 
riolytic substances, which he terms “ eytases,” and 
which he regards as being durived from the leucocytes, 
and as identical with the alexins. lie believes that 
there are two kinds of eytases, one “ niaerocytase,” 
obtainable from tissues, such as the spleen and lymph- 
glfvnds, rich in macrophages, which acts specially on 
elements of animal origin, the ether “ microoytaae,” 
derived from the microphages, and which acts princi¬ 
pally on micro-organisms. He considers the alexie 
action to be of the nature of a digestive process (but 
this is doubtful), and as regards the complex nature 
of a cytolytic serum, which contains amboceptor and^ 
complement, believes that the amboceptor is formed, 
within the macrophages in intra-cellular digestion, and 
that a portion of it escapes from them into the serum. 
/A.11 the facts point to the leucocytes and leucocytic 
, .tissues being the great defensive mechanisms against 
/parasitic invasion, either by the production of alexins, 

I or of bacteriolysins, or by phagocytosis, or probably by 
| a combination of these (the " cel hi lo-lm moral hypo- 
; thesis of immunity). It is probable that the greater 
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jjfft. of ph a gocytosis...takes place in the spleen. This 
organ acts as a sort of filter, and phagocytosis may be 
active in it when none can be discerned in the blood. 
Phagocytosis is also active in the bone-marrow. 

Expncunents by Tizzoni and Cattani seemed to show 
that rabbits could not be rendered refractory to tetanus 
by injection of tetanus antitoxin after extirpation of the 
spleen ; and although Benario and other observers havo 
not confirmed this, the manner in which the spleen 
is attacked in such diseases as tuberculosis, plague, etc., 
points to this conclusion. The discordant results 
obtained after splenectomy may be due to the rapid 
regeneration of spleen tissue, and to other structures, 
such as the hamiolyinpli glands, taking on its functions 
after ablation* 

Although small amounts of antitoxin may occasionally 
be met with in the normal animal (e. g. diphtheria 
antitoxin in man and in the horse, see pp. 160 and 
286), this substance plays little or no part in natural 
immunity against either toxin or micro-organism. Thus 
the blood-serum of the fowl, which is highly refractory 
to tetanus, does not exert the slightest antitoxic or 
neutralising action on tetanus toxin. 

8. A cquired immunity .—Acquired immunity may be 
induced in several ways : 

UL)* By an attack of the disease ending in recovery. 

{2) By vaccinating with a modified and less virulent 
form of the living infective agent (Pasteur’s method). 

(3) By treatment with sterilised cultures, or with 
bacteria-free toxins. 

(4) Occasionally by treatment with sterilised cultures 
or toxins of a different species. Thus, B . py o ayam ua 
p rotects from anthrax (p. 250), and Klein 1 showe d th at 
an injection of one of the six following organisms—(J) 

1 Trans. Path. 8oc. Land., 1893, p. 220. 
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Kosh!a... cojnma, (2) Finkler-Prior’s comma, (M) li. 
/■ f fZi j (4) Bmt&M vulgar in, (5) J}. prudiylnxn*, ((») II. 
typhotius—vr il 1 protect an animal against any one of 
the remaining^fivo. He therefore concluded that there 
is an immunising agent common to all these six 
organisms, and that this substance is intra-eellular ami 
a constituent of the bacterial cells themselves. In this 
case, however, the immunity is probably one against 
certain bacterial proteins and not against the specific 
endotoxins of the organisms. 

(o) lBy injection of the blooil-serum derived from an 
animal treated or immunised by method -‘1 that is to 
sav. antitoxins or other anti-bodies (r. •/. amboceptors) 


are introduced. 

The.immunity acquired by methods 1-4 is known as 
“active immunity,” because the animals cells and 
tissues are altered by the process, so that they are no 
longer susceptible to the microbe or its toxin. I lie 
immunity conveyed by method o-— the injection ol an 
immune serum, is known as “passive immunity, 
because the immunity lasts only so long as the anti¬ 
bodies remain ; there is no active participation of the 
animal’s cells and tissues in the process. ’ .Wave 
immunity is generally of long duration—some months 
at least—and is not transmissible to the Ictus; but 
passive-immuuity is of short duration two to fum 
weeks—and is transmissible to the; fetus and nursling. 
Acquired immunity to toxins may be dm to tin 
elimination of the receptors concerned in tin fixation 
of the toxin by the cells, or to the production ol the 
neutralising antitoxin. The leucocytes are probably 
the active agents in destroying and eliminating toxin, 
whether neutralised by antitoxin or not. 

Various explanations have been given of t ic pro 
duction of acquired immunity against the organisms. 
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■'Pagteur. suggested that the organism, by its growth in 
the body, exhausts some specific pabulum necessary 
for its development, so that it cannot again grow in 
the animal which has been attacked. Ttys hypothesis, 
therefore, presupposes that in the body there is.some 
, nutrient material necessary for the growth of each 
species, which is difficult to believe, and is negatived 
by the fact that an organism will grow in the blood 
and tissues removed from an animal vaccinated against, 
and insusceptible to, the disease produced by itself. 

Pasteu r’s “ ex haustion ” theory has been revived by 
Ehrlich* in a modified form, under the name of “ atrepsy ,” 
to explain certain cases of immunity. Thus, for a chemical 
poison to act, Ehrlich assumes that particular receptors in 
the protoplasm for binding the poison are necessary; these 
he terms “ ghemp-receptors.” Bird-pox, virulent for both 
fowl and pigeon, if passed through the pigeon becomes 
completely aviruleut for the fowl. To explain this Ehrlich 
suggests that the parasite iu passing through the pigeon has 
to assimilate substances different from those assimilated 
during its passage through the fowl; therefore that part of 
the receptors which deals with the nutritive substances of the ' 
fowl’s organism is not in use during the passage through the 
pigeon, and may become atrophied, so that on the parasite 
being_tr{uisferred back to the fowl it will not b e able to 
thrive owing to the loss of the receptors necessary to 
assimilate the fowl’s nutritive substances. Ehrlich suggests 
■that the majority of non-pathogenic micro-organisms, if 
introduced into the animal body, perish by this mechanism. 
In the case of mouse carcinoma inoculated into rats, the 
tumour-cells proliferate for a few days, then atrophy and 
disappear. Ehrlich suggests that some specific substance is 
necessary for the proliferation of mouse car<'inoma-cel]s 
which is not present in the rat, aud as soon as the traces of 
this specific substance carried over by the inoculation are 
1 “ Harben Lecture,” ii, Jo urn. Boy. In*t. Public Health , 1907. 
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used up, tlie cancer-cells cease to proliferate and Anally 
atrophy aud disappear. These are examples of Ehrlich's 
•• atrej>sy_” and “ atreptic immunity.” 

Chauveau, i'l his retention theory, suggested that the 
bacteria during their growth in the tissues form sub¬ 
stances which ultimately inhibit their growth, and, 
if the animal recovers, prevent a subsequent deve¬ 
lopment of the organism. The same ohjeetions may 
he urged against this hypothesis as against Pasteur's 
exhaustion hypothesis. 

Bacteriolysis and phagocytosis are probably tin* two 
main factors which bring about tin* refractory condition 
in acquired immunity against bacteria, as well as 
recovery from an infection. After immunisation it may 
be shown that phagocytosis is increased, aud that posi¬ 
tive ehemotaxis takes place towards the organism, 
whereas previously negative ehemotaxis occurred ; the 
leucocytes have been “educated,” as it were, to be 
attracted, instead of repelled, by the bacterial invasion. 
According to Andrewes, 1 the defence against the pyogenic 
cocci is not only essentially phagocytic, and dependent 
upon the polynuclear leucocytes, but is also, in the main, 
opsonic. In tuberculosis and syphilis the polynuclear 
leucocyte takes little part in bodily defence, which is 
essentially a function of the endothelial and fixed tissue- 
cells. With the colon group of organisms certain 
humoral responses, notably agglutination and bacterio¬ 
lysis, are better marked than with most other bacteria, 
and polynuclear phagocytosis seems subsidiary. 

Antitoxin formation probably plays little or no part 
in acquired immunity, or even in recovery from infec¬ 
tion. In diphtheria, for instance, antitoxin is not 
found until the disease has subsided. Possibly, in 
I " Croonian Lectures,” Lancet, June 25th e< WIO. 
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chronic infections, antitoxin formation does play a sub¬ 
sidiary rule in recovery. 

To sum up, natural immunity is probably due to a 
number of factors, some or all of which may be operative 
in particular instances, and it is impossible to state with 
certainty any general law. 'In most cases phagocytosis 
is the principal means of defence^the germicidal, inhibi¬ 
tory, or bacteriolytic actions of the body-fluids aiding, 
though of subsidiary importance* in others the cells and 
tissues are unaffected by the bacterial toxins, sometimes 
because the cells are lacking in the particular side- 
chains or receptors which lix the toxin sometimes 
because, for some unknown reason, the cells are 
unaffected by the toxophore group of the toxin. 

As regards the immunity acquired after an attack of 
disease, this may be due to the “ education ” of the 
leucocytes, whereby they are attracted, whereas 
formerly repelled, by the products of bacterial develop¬ 
ment, or to substances which stimulate the action of the 
leucocytes. The germicidal, inhibitory, and bacteriolytic 
actions of the body-flnids may also be enhanced. It 
seems probable also in certain instances that the side- 
chains or receptors having an affinity for the toxin 
become in some way destroyed or used up, so that 
further fixation of the particular toxin cannot take 
place. 

lt'is to be noted, as Metchnikoff has pointed out, that 
immunity is much more rapidly acquired against micro¬ 
organisms than against their toxins. In Nature, it 
is principally against micro-organisms that the body 
requires protection. 

Adaptability seems to be one of the innate proper¬ 
ties of protoplasm, and immunity is but an instance of 
adaptability. It might be expected, therefore, that 
immunity towards infection will become established. 
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more or less completely, when the need for it arises ; 
and we find that this is the ease, however difficult it 
may be to explain the mechanism by which it is 
attained. 

The R6le of the Serum in Phagocytosis. > 

The fact that in an immunised animal, no sooner does 
the virulent organism gain access than the leucocytes 
migrate to the site of infection, surround the invaders, 
ingest and so destroy them, was at one time ascribed 
by Motchnikoff to “education, i. r. modification, of the 
leucocytes; but since the serum of I lie immunised 
animal injected into a iion-immnnised one causes the 
leucocytes in the latter to behave in the same 
manner as they do in the immunised animal, the effect 
must be due to something in the plasma or serum, and 
Metchnikoff ascribed the action to substances, “ stiinii* 
J” which heighten the activity ol the leucocytes. 
Later work has not confirmed this view, and no certain 
proof of the existence of st.imulins is forthcoming, 
although Leisliman attributed a stimiilin action to 
thermostable substances in tin* serum in typhoid and 
Malta fevers. Subsequently Metchnikoff conceived 
the serum as acting, not on the leucocytes, lint on the 
* microbe, causing it to become positively chemotuctic 
and no longer to repel, but to attract the phagocytes. 
Considerable support was given to this view by flu* 
work of Wright and Douglas, who, by a modification 
of Leishtnaii’s ingenious method for quantitatively 
estimating phagocytosis, emphasised the importance of 
the serum in the mechanism of phagocytosis. 

Neufeld and ltimpau also concluded that substances, 
“ bacteriotropines/’ are produced in the course of 

« See Dean, Brit. Med. Joarn., 1«07, vol. ii, p. 1400. ( Bibliog.) 
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immunisation which promote the phagocytosis of 
bacteria. 

Leishman’a method for estimating phagocytosis .'—A thin 
suspension of some micro-organism, e. g. M. pjogenes, is mixed 
with an equal volume of blood from the linger; a droplet of 
thiB mixture is placed on a clean slide, and covered with a 
cover-glass, and the preparation is at once placed in a moist 
chamber iri the incubator at 37° C. for half an hour. At the 
end of this time it is taken out, the cover-glass slipped off, 
and the films on slide and cover-glass are drier], fixed, Btained 
and examined microscopically, and the number of microbes 
ingested by the polymorphonuclear leucocytes is counted. 

Wright and Douglas 2 found that washed leucocytes 
without serum are non-pliagocytic, but become so on the 
addition of normal serum. If, however, the serum be 
first heated to 60°—65° C. before being added to the 
mixture of leucocytes and microbes, phagocytosis does 
not take place ; but if the unlieated serum is mixed 
with the bacteria, the mixture kept at 37° C. for fifteen 
minutes and then heated to 60° C. for fifteen minutes, 
phagocytosis can still take place, thus demonstrating 
that the serum acts in some way on the bacteria, 
rendering them suitable prey for the phagocytes. This 
tbermolabile serum feast preparer is called by Wright 
and Douglas “ opsonin ” (from a Greek word meaning 
“ to cater for ”). 

They have also shown that during the process of 
active immunisation the opsonic value of the serum is 
increased, and they have succeeded in demonstrating 
this opsonic immunity for a number of infections, such 

1 Brxt. Med. Jaurn., 1902, vol. i, p. 73. 

* Proc. Roy. Sor. Loud., fi. lxxii, 1903, p. 357; B. lxxiii, 1604, p. 128; 
B. lxxiv, 1905, pp. 147,169; B. lxxvii, 1907, p. 211. Also in Practitioner, 
May, 1908 ; various papers in Lancet and Brit. Med. Journ. ; Wright, 
Studies in Immunity , 1909. 
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as the staphylococcic, Malta fever, pneumococcie, and 
tuberculous. If it be desired to measure the quantity 
of opsonins present, say in a ease of furunculosis, 
which is almost always caused by the M. pyogenes, tin 1 
following are required : (1) a drop or so of the patient's 
serum ; (2) a drop of serum from a normal person ; 
(31 a suspension in salt solution, or a culture of M. 
pyogenes preferably derived from the furuncle; (4) 
leucocytes washed free from the plasma. Kqnui volumes 
of the patient’s serum, leucocytes, and suspension are 
mixed, drawn up in a capillary tube, incubated for 
fifteen minutes at 37° C., and films are then prepared and 
stained. As a control a similar mixture is prepared 
and treated in the same way, but using the normal 
serum instead of that of the patient. The tiling are 
then examiued, and the number of cocci taken up by, 
say, fifty leucocytes is counted in the two specimens, 
and a ratio obtained. Taking the figure for the 
normal serum as 1, that for the patient’s serum will 
probably be O'o or ()'(>, and this is termed tin* "opsonic 
index” (see below, p. 22U). 

In subacute and chronic local infectious the opsonic 
value of the serum is usually diminished, occasionally 
increased. In acute infections the index will, as a rule, 
bo low; in chronic infections which are not strictly 
* localised, e. g. tuberculosis, the index will sometinius 
be low, sometimes high. A low index generally indi¬ 
cates an infection, or a low power of resistance to the 
particular organism, or that a chronic but quiescent 
infection exists; a high index may indicate that the 
person hn.n had an infection but has overcome it, or has 
a quiescent infection. The normal index for healthy 
persons varies only within narrow limits, from about 
0-8 to 1,*2 as extremes; an index above or below these 
values is therefore probably pathological. 
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By injecting small quantities of a vaccine consigning 
of a killed culture, tuberculin, etc., the opsonic index 
can be raised, and the infection thereby tends to be 
cured. The first effect of the injection is to cause a 
fall in the opsonic index, the “ negative jiiia se ” of 
Wright, which is usually afterwards followed by a rise, 
and by properly spacing the injections a considerable 
rise in the opsonic value may ultimately result. If • 
too much vaccine be given the effect may be to per¬ 
manently depress the index and cause harm instead of 
good, hence the desirability of controlling all injections 
by determinations of the opsonic index. This, however, 
renders the treatment very laborious, and generally by 
employing small doses and allowing at least a week to 
elapse between the doses, determinations of the opsonic 
index are unnecessary (for dosage, etc., see p. 232). 
By movement, massage, etc., applied at or about the 
seat of a local infection, bacterial products are dis¬ 
seminated which may alter the index ; a process of 
auto-inoculation may thus result. 

The opsonic index may be used for diagnostic pur¬ 
poses ; a low or high opsonic valuo towards a particular 
organism suggests that an infection by this organism 
exists or lias recently existed. 

Bulloch came to the conclusion that the blood con¬ 
tains a number of specific opsouins, one for tubercle • 
another for M. pyogencn, and so on. Simon, Lamar, 
and Bispliain, 1 however, from a number of carefully 
devised experiments, conclude that specificity of 
opsonins does not exist, and suggest that opsohins 
may be a constant quantity, and that the number of 
organisms taken up by the leucocytes is influenced by 
a second unknown and variable factor. 

1 Jo urn. Eacper. Med., vol. yiii, 1906, p. 661. 
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fl u a S H)! 1 also concludes that in minimi scrum the 
opsonins are “common” and not specific, and can la- 
removed by a number of bodies. In immune serum, 
on the other Juuid, both “common” and “immune” 
opsonins are present, the hitter hemp <piiie specific. 
J hat is to say, in the process of immunisation specific 
opsonins are formed, and the increase of opsonins 
following injection of a vaccine is probably due to 
the formation ot immune opsonins which roue! specifi¬ 
cally. 

Muir and Martin" believe that in immune serum a 
specific, immune, thermostable opsonin is present, and 
also a normal, therniolabile opsonin. 

Wright considers the opsonins to be substances 
distinct from all others, but .Meleliuikoff, Item, ami 
other observers suggest that they are identical with 
the “substance sensibilisatricc.’’ 

Jt is doubtful if opsonins are present in more than 
traces in the unaltered blood /ilumnu ; like alexins, 
they seem to develop as a result of coagulation. The 
rule of opsonins in immunity and in recovery from 
infection is therefore a complex problem. 

The opsonic method lias liecn criticised of late Thus Moss' 
says: “ None of the present methods of estinuit ing the opsonic 
conteut of the blood seems sufficiently accurate to Is- of 
practical value”; Fitzgerald, Whiteman, ami Strangi-ways, 4 
in an elaborate investigation, concluded that the method is 
unreliable. Whereas Wright takes into account the serum 
only, Shattock and Dudgeon ■’ slate that "the cells (».«>. the 
phagocytes) vary in value like the serum." It may Ik- grunted 

1 Johns Hopkins Hasp. Hull., vol. xviii, l-.io", j>. ‘J'i'J. 

3 Proc. Roy. Soc. Land., It. lxxix, ISKia, p. 1S7. 

1 Johns Hopkins Hosp. Hull., vol. xviii, l!Kl7, p. 2U7. 

4 Bull. Committee/or the Study »/ Speci'it (Camliriilip-J, vnl, 

i, 1907, No. 8. 

* Proc. Roy. Soc. Med., vol. i, I'JOS, “ Medical Section,” p. fOtl. 
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that the -whole truth respecting the opsonic reaction and 
method is not yet fully known, but many of the criticisms 
have been based on an imperfect technique. On the whole, 
it may be said that Wright’s method, with careful technique 
and in practised hands, gives information previously impos¬ 
sible to obtain, and the treatment by vaccines is of considerable 
value in particular cases. 

Method of Determining the Opsonic Index . 1 

The requisites are: 

1. The serum of the patient to be tested. 

2. The serum of a healthy person for a control. 

3. A suspension of the organism for which the'deter¬ 
mination is to be made. 

4. A suspension of living leucocytes. 

5. Several Wright’s pipettes with india-rubber teats 
or nipples. 

1 and 2. The aera .—These two specimens should be 
taken at about the same time, and the determination 
should be made as soon as possible. 

The blood is preferably collected in a Wright’s 
capsule (Fig. 35, if). Both ends of the pipette are 
broken off, and the blood is collected by immersing the 
bent end iu the blood as it runs from a prick in the 
ear or finger. The capsule should be at least one third . 
filled. For pricking, a flat-pointed needle of the 
Hagedorn type is preferable; a prick with an ordinary 
needle does not yield sufficient blood. After filling, 
the capsule is sealed in the flame, the dry or straight 
end being sealed first. After coagulation the capsule 
is centrifugalised.to obtain clear serum; for this purpose 
the capsule is hung by the curved end in the centrifuge. 

1 This section is largely taken from the excellent account given by 
Emery in his Clinical Pathology ami Haematology (Lewis, 1908). 
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Little change in the serum ensues for two to three days 
] f the capsules are kept sealed. 

3. Suspension of the organism .—In the ease of 
tubercle, suitable dead cultures cun be purchased. To 
prepare the emulsion from these, take a small portion 
(about as big as a grain of rice) and place it in a small 
agate mortar and grind it up with the pestle; then add 
1'5 per cent, salt solution drop bv drop until about 
2 c.c. have been added, continuing to grind meanwhile. 
This gives an emulsion which contains isolated bacilli 
as well as clumps. These latter must be got rid of, 



e d 

Fig. 35.— a. Glass pipette, with india-rubber teat for opsonic 
determinations, etc ; l shows (enlarged) the contracted 
extremity of the pipette; c shows the stem of the pipette, 
containing the equal roluniPB of serum, leucocytic suspension, 
and bacterial suspension, before mixing; ii is the « right s 
capsule for collecting blood. 


and to do this it is necessary to centrifugalise for three 
• or four minutes. With the tubercle bacillus and 
gonococcus spontaneous phagocytosis is apt to occur if 
ordinary (0‘8 per cent.) salt solution is used. 

A staphylococcic emulsion is prepared by taking an 
agar culture not more than twenty-four hours old, 
adding salt solution (0*8 per cent.), and shaking gently 
so as to wash off the growth. When the emulsion is 
made it must be pipetted off into a small tube and 
centrifngalised for a few minutes. Ihe emulsion must 
not be too thick, otherwise the leucocytes will take up an 
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uncountable numbor of cocci; the proper density can be 
judged by experience alor.e, but the emulsion should be 
only fuintly opalescent. Emulsions of pneumococci and 
other organisms are made in the same way. Variations 
in tlio number of bacteria ingested may occur according 
as recently isolated or old strains are employed. 

Instead of eentrifugalising, the suspensions may be 
filtered through a double thickness of filter-paper. 

4. Stjiiffwimuiu qf living leucocytes .—To prepare this, 
take about lQ^c.of physiological salt solution containing 
!, pur.cwit. of sodium citrate, to prevent the coagulation 
of the blood. This must be freshly prepared (or kept 
sterile, which is inconvenient), and the simplest method 
is to use “ soloids ” prepared for the purpose by 
Ihirroiighs & Wellcome; one of these dissolved in 10 
c.c. of water will yield the solution required. This is 
put into a eentrifugalising tube and warmed to blood- 
heat. A healthy person is then pricked in the ear or 
finger, and his blood is allowed to drop into the fluid 
until 1 c.c. or more has been collected. The tube is 
then put into the centrifuge, very exactly counter¬ 
balanced, and centrifugalised until all the corpuscles 
have come to the bottom and the supernatant fluid is 
left clear. If the deposit is closely examined the red 
corpuscles will be seen to be at the bottom, whilst above 
them there is a thin whitish layer of leucocytes. Then,' 
with a capillary pipette armed with an india-rubber 
nipple, or with a syringe, the whole of tho clear fluid is 
pipetted off, as close ns possible to the leucocyte layer, 
but without disturbing the latter. The tube is then 
filled with saline solution, the blood and fluid are mixed, 
the mixture is centrifugalised, and the clear fluid again 
pipetted off, and this process of washing is repeated. 
Next, tho leucocyte layer with the upper layer of red 
corpuscles (which also contains leucocytes) is pipetted 
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off into a small tube, and the whole is thoroughly 
mixed by repeatedly sucking into, and expelling from, 
the pipette. The result is a suspension of living 
leucocytes mixed with red corpuscles. 

5. \Yright’s }>ipettes with india-rubber teats .—These 
are made of glass tubing drawn out in the blowpipe 
flame into the form shown in a, Fig. .‘55, which is two 
thirds full size. The end of the tine extremity should 
be contracted as shown in b. (Jluss tubing must bo 
chosen which properly fits the teats. 

The process. —(l) Prepare a pipette bv placing an 
india-rubber teat on the thick end. Then, with a 
grease pencil or with pen and ink, make a transverse 
line about an inch from the pointed end. The volume 
of fluid contained in the tube between the point and 
this mark is spoken of as the unit. 

(2) Having the patient’s serum and the suspensions 
of leucocytes and of bacteria ready to hand, take the 
pipette between the index finger and thumb of the 
right hand and compress the nipple. Immerse the 
point beneath the surface of the suspension of bucilli, 
and relax the pressure on the nipple until the emulsion 
has risen exactly to the mark so that one unit hus 
been drawn up ; then remove the point from the fluid 
and relax the pressure again so that a small volume of 
*air is sucked up. This will be quite ensy if the point 
is a good one, otherwise it will bo difficult or im¬ 
possible, as the column of fluid will either refuse t«» 
stir or will oscillate violently. Next immerse the 
point in the suspension of leucocytes and draw up one 
unit. This will be separated from the emulsion of 
bacteria by the bubble of air. Remove the point from 
the emulsion and draw up a second volume of air. 

Lastly, draw up one unit of the serum. There will 
now be in the pipette (counting from the nipple 
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towards the point) one unit of bacterial emulsion, a 
bubble of air, a unit of leucocytes, a bubble of air, 
and lastly a unit of serum (r, Fig. 85). 

(3) Put the point of the pipette on to bp clean hollow- 
ground slide or an artist’s porcelain sunk palette, and 
express the whole of its contents, and mix well to¬ 
gether, aspirating them repeatedly into the pipette and 
expelling without causing bubbles. If bubbles fornij 
a hot wire brought near will quickly dispel them! 
When thoroughly mixed, aspirate the mixture into the 
pipette, suck up a short volume of air, and seal the 
tip in tho flame. 

Then place the pipette point downwards in the incu¬ 
bator, or better, in a water-bath at 35° to 37 C°., noting 
tho time exactly, and proceed to prepare a second 
pipette in precisely the same way, using the same 
suspensions of bacteria and leucocytes, but the control 
serum instead of the patient’s. Place this in the 
incubator or water-bath, by the side of the other, 
noting the time at which this is done. When each 
pipette has been incubated for a quarter of an hour 
it is removed from the incubator or water-bath, the 
end broken off and the nipple fitted to the thick end ; 
then the contents are expelled on to a hollow slide or 
porcelain palette and mixed thoroughly together. 
Films are then prepared. This may be done by' 
depositing a drop in the middle of a large cover-glass 
(1-inch squares, No. 2), dropping on to it another cover- 
glass and drawing the two apart. Or the films may 
be made on slides, for which Wright recommends 
roughing the slides with emery paper and spreading 
the film with the sharp edge of a broken slide (see 
next page). The films then have to be stained. For 
staphylococoi, streptococci, pneumococci, B. colt, etc.-, 
the films may be fixed with formalin and stained with 
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carbol-tliionine or borax-methylene blue, or they may 
be stained without previous fixing with the Leislunan 
stain. For tubercle, the films may be fixed in a saturated 
solution of mercuric chloride (one or two minfttes), 
stained in warm carbol fuchsin, decolorised with per 
cent, sulphuric acid in methylated spirit, and counter- 
stained with methylene blue. 

| Wright now uses the whole blood instead of the 
[leucocyte layer only. After the blood has been drawn 
into the citrated salt solution it is centrifugalised, 
washed twice with salt solution, the fluid is pipetted off, 
and finally the corpuscles are well mixed. The various 
mixtures—washed corpuscles, bacterial suspension, and 
serutn—are made and incubated as previously described. 
In order to make the film for staining and counting, 
the contents of the pipette are discharged on to one 
end of a slide roughed with fine emery paper and the 
mixture is spread by means of a slide which has been 
broken across after notching with a file or glass cutter. 
The object is to obtain a broken edge having a very 
slight concavity, and many slides may have to be 
sacrificed to attain this. The film is spread by drawing 
(not pushing) along, the leucocytes adhere to the edge 
of the spreader, and finally are deposited mostly at the 
end of the preparation, the red corpuscles boing left 
behind. 

Lastly, the films are examined with the oil-immer¬ 
sion lens, preferably with the aid of a mechanical stage, 
and the number of organisms contained in not less than 
fifty polymorphonuclear leucocytes is counted. Parts 
of the film in which the cells are broken down or not 
well stained, or cells containing obvious clumps of 
organisms, should be avoided. The ratio between the 
number in the control and the number in the specimen 
prepared with the patient’s serum gives the optionic 
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index. Thus, if in the control there are 125, while in 
the patient’s specimen there are 75, the index'would 
ho i. e. not much more than half the normal. 

* ( 

Preparation of vaccines for treatment, etc. — The vaccine 

used for treatment is a ster ilised, standardised suspension _of 
t.lie infWt.inf; ocflmiimn, except in the case of tuberculosis, for 
which tulierculin (Tit or BE) or an analogous preparation is 
employed. In certain instances a mixture of organisms is used 
—e. g. M. pyogenes, var. aureus and var. albus, with or without 
the acne bacillus in some cases of acne—and the strain of 
organism isolated from the lesion is generally to be preferred. 

The vaccine is prepared by growing the organism under 
appropriate conditions, the staphylococcus on agar, the strepto¬ 
coccus, pneumococcus, and gonococcus on blood-agar, etc. 
The growth is then emulsified by adding a few drops of sterile 
01 per cent, sodium chloride solution and well rubbing up 
with a sterile glass or aluminium rod. Two or three tubes 
are treated in this way ; the emulsion is poured into a small 
Hterilo Erlemneyer flask of stout glass, the tubes are rinsed 
out with a little more of the salt solution, and tie* washings 
added to the contents of the flask, two or three sterile glass 
beads are added, and the flask is shaken vigorously for some 
minutes thoroughly to break up the masses of organisms. 
The contents of the flask, which should measure 5 c.c. or 
thereabouts, are then coutrifugalised for some minutes, and 
the emulsion is poured off from the deposit into a second 
sterile flask and is now ready for standardisation. 

Staiidnidisation is carried out by Wright's method. Two 
or ttvrec volumes of citrate solution are sucked up into a 
pipette such as that used for opsonic determinations, the 
linger iq pricked and one volume of blood is taken up in the 
pipette, separated from the citrate solution by an air-bubble, 
and finally one volume of the bacterial emulsion, also separated 
from the blood by an air-bubble, is taken up. The whole 
contents of the pipette are then well mixed by expelling on to 
a clean Blide and sucking up three or four times. About one 
third of the mixture is then transferred to each of three clean 
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slides, and the drops are spread with the edge of a slide 
so as to obtain thin uniform smears. These are allowed to 
dry, stained with Leishman's stain, and the uumlicr of red cor¬ 
puscles and bacteria is counted in a numl>cr of microscopical 
fields. Assuming that there are 5,000,000 ml cells in a cubic 
millimetre of blood, it is easy to calculate approximately the 
number of bacteria contained in the emulsion. Suppose that, 
500 red cells have l>eon counted, and with these 1500 bacteria 
are admixed. Since equal volumes of blood and emulsion 
have been taken, one cubic millimetre of bacterial emulsion 

will contain = 15,000.000 bacteria. But 


one cubic centimetre contains 1000 cubic millimetres, there¬ 
fore the emulsion contains 15,000,000 x lOttO = 15,000 ,000.000 
bacteria per cubic centimetre, and by appropriate dilution any 
bacterial content of the emulsion may be obtained. Thus, if 
1,000,000,000 organisms ]>er cubic centimetre is desired, 1 c.c. 
of the emulsion must he diluted with I t-c.c. of salt solution. 
To the prepared dilution of the bacterial emulsion O'5 |ier 
cent, of carbolic acid, or 0'2 per cent, of trikresol, is added, 
and the flask is placed in a water-hatli at 50“ to 00" ('. for 
one or one and a half hours, according to the resistance of 
the organism. The stock solution may subsequently Is- intro- . 
dueed into small sterile glass serum bulbs of 1 2 c.c. capacity, 
and the bulbs, after sealing and standing for twenty-four 
hours, may again lie sterilised for an hour at 00° <J. to 
ensure the destruction of the organisms; cultures may 1»' 
made from the sterilised vaccine to ascertain that this is the 
case. The lower the temperature and the less the heating, 
consistent with sterilisation, the more active will Is; the 


vaccine. 

The table 1 on the next page gives an idea of the doses of 
vaccines, their toxicity, and frequency of inoculation. 

The smaller doses are given at the commencement of the 
treatment, and the doses are gradually increased. 

The writer has employed endotoxin solutions as vaccines 
and believes they are very efficient. 

* See llama, Practitioner, May, 1008, p. 647. 
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Vaccine. 

Tuberculin 
B. coli 

Pneuinococeic 

Streptococcic 

Staphylo¬ 

coccic 

Jf. nielitemit 

Gonococcic 


Relative 

toxicity. 


Very toxic 

Very toxic 

Leas toxic 
than B. coli 


More toxic than 
pneuinococeic ■ 
Less toxic than i 
streptococcic j 


Slightly toxic 


Doses. 


T oii\l o n “ T ij A no — 
vsbo mgwu 
5-16 millions 

10-50 millions 


20-60 millions 

100-1000 
millions 
Vn sq. cm. of 
surface agar 
culture (liecause 
very difficult to 
count) 

100-5U0 millions 


Frequency of 
inoculation. 


Every 10-14 days. 

Every 2, 6, or 10 
days. 

Every 36-48 
hours in pneu¬ 
monia ; every 10 
days in chronic ; 

infections. 
Every 7-14 days. 

Every 10 days. 

Every 7-14 days. 


Every 7-14 days. 


Prophylactic- vaccines .—In addition to the therapeutic 
vaccines for the treatment of the declared disease, vaccines are 
also employed for prevention of disease. The preventive or 
prophylactic vaccines may be : 

(1) Living, but attenuated, cultures, e. g. anthrax and 
cholera. 'J lus method has also been proposed for plague, and 
vaccinia must be regarded as of this nature (this is the 

Pastcurian method 

(2) K i l led . c u lt u r es, autolysed cultures, and endo-toxins. 
The first and second are used for typhoid, plague and 
dysentery, and Hewlett has suggested endo-toxins for typhoid, 
cholera, plague and diphtheria. 

(3) Immune aexagive protection for a limited time. 

(4) Beared kft has suggested “ sensitised vaeednes,” i. e. 
killed cultures saturated with the homologous immune body 
derived from an immune serum. He claims that these give 
rise to much less reaction than the killed cultures. 

(For further particulars, see Hewlett’s Serum Thefapy, Ed. 
2, J. & A Churchill, 1910.) 
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CHAPTER VI. 

SUPPURATION AND HKPT 1C CONDITIONS. 

Thk subjects of septic infection nnd of suppumtion 
are of great practical importance, and a knowledge of 
their aetiology is one of the main factors which huvc 
conduced to the great advances that were made during 
the Victorian era in the treatment of wounds, whether 
accidental or made by the surgeon’s knife. 

Ogston in 1881 and ltosenbuch in 1884 demonstrated 
that tniurQ.-.organisnis are almost in-vuriably present in 
the pus of acute abscesses, and these observations 
were repeatedly confirmed by subsequent investigators. 
A number of experiments were then initiated in order 
to ascertain whether these organisms bear a causal 
relation to the phenomena of suppuration or are merely 
accidentally present. These experiments showed that 
a large number of organisms can produce suppuration, 
and render it certain that in ninety-nine cases out of a 
hundred the suppurative and septic conditions met 
with spontaneously, or occurring after surgical inter¬ 
ference, are due to the action of micro-organisms. 
The chief of these are several micrococci (commonly 
known as s laykylo cocci, and the infections which they 
produce, as staphylococcic infections) and streptococci. 

Under the terms “suppuration” and "septic diseases” 
are included such varied conditions as abscesses,boils and 
carbuncles, cellulitis,. osteomyelitis, erysipelas, goilitf- 
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rliooa, infective endocarditis, pyaemia, septicaemia and 
sapraemin, puerperal fever, and hospital gangrene. 

As will be gathered from tho descriptions of the 
individual organisms, suppuration may ‘be set up by 
inoculation with several species, and a number of 
experiments by various observers, carried out by inunc¬ 
tion, subcutaneous inoculation, and inoculation in the 
serous cavities and circulation, have conclusively proved 
that this is the case, not only in animals, but also in man. 

A problem of great importance is whether micro¬ 
organisms are usually the cause of suppuration, or 
whether mechanical injury, chemical agents, etc , can 
also produce it. Mechanical injury alone does not 
seem to be capable of inducing pus production, but it 
is otherwise with regard to chemical agents. For a 
long timo considerable difference of opinion existed 
and discordant results were published. These dis¬ 
crepancies have now been explained, and are found to 
depend upon tho method of experiment and the par¬ 
ticular animal and chemical agent employed. That 
chemical agents should produce suppuration was only 
to bo expected, for it would bo against analogy, derived 
from all other bacterial diseases, if the pyogenic organ¬ 
isms do not produce suppuration through the chemical 
substances formed by, or present within, their cells, 
and if these chemical substances act thus, why should 
not other chomicnl substances be found to act in a 
similar way ? 

In experiments with chemical agents the greatest 
care has to be taken to exclude the entrance of micro¬ 
organisms. This is best done by sealing the sterilised 
substance in sterilised fusiform glass tubes and intro¬ 
ducing these under the skin or into the tissues with 
strict aseptic precautions. When the wounds have 
completely healed the tubes are broken by pressure 
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and their contents allowed to diffuse into the sur¬ 
rounding tissues. 

Sterilised cultures (above a certain amount) of tho 
Micrococcus pyoyene* and a crystalline body, phlogosin, 
obtained by Leber from its cultures, produce abscesses 
on inoculation. Mercury produces suppuration in the 
dog, but not in the rabbit; silver nitrate (5 per cent, 
solution) has a similar action. Ammonia fails to pro¬ 
duce pus; it is either absorbed without damage, or if 
in stronger solution produces necrosis of the tissues. 
Turpentine produces large sterile abscesses in carnivora, 
and Brieger’s endavei ine is likewise stated to set up 
suppuration. 

-Buchner was also able, by warming various bacteria 
with 0*5 per cent, caustic potash, to obtain a solution 
containing protein which was powerfully pyogenic, and 
Naunotti found that sterilised pus hud a similar pro¬ 
perty. It thus seems certain that a. number of 
chemical substances can set up suppuration. At the 
same time, it must be elearlv recognised that suppura¬ 
tion and suppurative complications, as they occur 
naturally, are to he regarded as due to the activity of 
micro-organisms in almost every instance. 

Of so-called “septic” diseases, siipnemin, septicunniu, 
and pyjpuiia must be mentioned. By “supnemiu” is 
•meant the constitutional condition arising from the 
absorption of the toxic products elaborated by micro¬ 
organisms, the latter being localised and absent from 
the general circulation. In the acute form it is not a 
common condition, the best example being that which 
occurs after parturition; by simply clearing and 
washing out the uterus the symptoms rapidly abate. 
In septictumia not only is there usually (though not 
necessarily) a local site of infection, but in addition 
micro-organisms are present in the general circulation. 
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It is true they are not abundant in the latter situation, 
and Cheyne 1 believes that they are to a large extent 
arrested in the capillaries. Micrococci and strepto¬ 
cocci are the commonest forms. Pyaemia is charac¬ 
terised by the presence of micro-organisms, most 
frequently streptococci, in the general circulation, and 
in addition by tho formation of abscesses in various 
situations. These arise usually from suppurative 
phlebitis with the formation of septic emboli and 
thrombi. The sequence of events, according to Cheyne 
(loc. cIt., p. 831), is (a) phlebitis in direct connection with 
the wound; (h) a thrombus impregnated with micro¬ 
organisms is formed in the vein ; (»•) this softens and 
disintegrates, and particles or emboli are carried to 
distant parts ; (d) these lodge in the capillaries, with the 
formation of infarctions and abscesses. Suppurative 
pylephlebitis is a pyamiia affecting tho portal system 
of vessels. As regards the so-called chronic pyaemia 
or multiple abscesses, Cheyne considers that it differs 
from true pyaemia in that embolism plays no part. 
Organisms gain access to the blood-stream, settle in 
any spot where the vitality of the tissues is depressed, 
grow and multiply, and there produce an abscess. 

The mere presence of micro-organisms does not 
always suffice, however, for they may be present without 
producing suppuration; and the same organism, for 
example, tho Streptococcus pyogenes, may at one time 
produce a localised abscess, at another diffuse cellulitis, 
and at a third pyaemia ; a number of factors control and 
modify the occurrence and the particular form of septic 
disease. 

As already mentioned (p. 208), many micro-organisms 
when injected into the blood-stream are rapidly disposed 
of; so when moderate quantities of the Micrococcus 
1 System a/ Medicine, Clifford Allbutt, ed. 2, vol. i, p. 876. 
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pyogenes are injected into the circulation of a rabbit, 
abscesses, as a rule, form only in the kidney. If, 
however, the organisms be attached to gross particles, 
so that they eannot pass through the capillaries, em¬ 
bolism occurs and abscesses form about the embolic 
foci. The virulence of the infecting organism, which 
varies much, is another factor of great importance. The 
effect of inflammation and injury in making a part 
“susceptible” is also very marked. Inject, tho M. 
pyogenes into animals in which the endocardium or a 
bone has been damaged, and in all probability an endo¬ 
carditis or an osteomyelitis will ensue. The dose and 
concentration of the organisms are also im]K>rtant 
factors. Watson Cheyno found that 250,000,001) cocci 
(M. pyogenes) injected into the muscles of a rabbit 
produced a circumscribed abscess, but 1,000,000,000 
caused a general septicosmia and death. So, probably, 
while the cells in a healthy wound can dispose of a few 
organisms, if the latter are abundant or in masses they 
may gain the mastery. 

Micrococcus pyogenes, var. aureus (Staphylococcus 
pyogenes aureus). 

Morphology and biology. — A minute spherical 
•organism measuring about O'75 /t in diameter. It 
generally occurs in more or less irregular groups, but 
may be met with singly or in pairs (I’late I., r). It is 
non-motile, does not form spores, and stains well with 
all the anilin dyes and also by Gram’s method. It is 
aerobic and facultatively anaerobic, will develop in 
vacuo, and grows well and rapidly on all the usual culture 
media at temperatures from 18° to \\7° C. On agar- 
agar it forms a thickish, moist, shining growth, cream- 
coloured at first, but after a day or two developing a 
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characteristic orange-yellow colour. It grows in the 
same manner on blood-serum without liquefaction of the 
medium. Gelatin is rapidly liquefied, the liquefied 
gelatin being at first somewhat turbid from yellowish 
masses of organisms ; these later on subside and form 
an orange-yellow sediment (Plate I., d). In gelatin 
plates the colonies Form at first small whitish, granular 
points, developing in two or three days into circular 
areas of liquefaction with yellowish masses of the 
organism floating in them. On potato it forms a 
growth similar to that on agar. When grown in milk 
it produces coagulation. Acid production (lactic and 
butyric acids) can be demonstrated by growing on a 
neutral litmus glucose-agar. When grown in broth or 
peptone water it gives the indole reaction with the 
addition of a nitrite, but not without. 

The rate of liquefaction of gelatin and the pigment 
production vary; the latter is sometimes much deeper 
than at others, recently isolated cultures show it better 
than old ones, and the presence of oxygen also seems 
to be necessary (see p. 240). The amount of acid pro¬ 
duction appears to vary directly with the virulence, 
which is likewise very variable. 

Pathogenicity .—The Micrococcus pyogenes, var. 
aureus, is by far the commonest of all organisms met 
with in suppurative processes. Ogston found it alone' 
in thirty-four, and associated with the Streptococcus 
pyogenes in sixteen, out of sixty-four cases of abscess. 
It occurs in acute abscesses, boilB, and acne, in some 
cases of puerperal fever and infective endocarditis, 
and is almost invariably found in osteomyelitis, but 
only occasionally in pyeBmia. The organism injected 
under the skin of man or animals produces an abscess, 
and injection into the blood-stream under certain con¬ 
ditions is followed by infective endocarditis or pyaemia. 
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Impetigo pustules are produced by inunction into ilie 
skin. 

It may be said to be universally present on all 
parts of the slyn, and in the mouth, and is frequently 
met with in the air. According to Sternberg, recent 
cultures in gelatin are destroyed by an exposure to a 
temperature of ot5° to 58° C. for ten minutes; but when 
dried much higher temperatures, 1)0° to 100° are 
required, and in the dried state (on a cover-glass) it 
retains its vitality for more than ten days. According 
to different experimenters, from live to lift ecu minutes 
tire required to destroy it with a 1—]<)()() mercuric 
chloride solution; but it is evident that much depends 
on the state of aggregation of the organisms, and Abbott 
has shown that while most of the cocci in a culture are 
destroyed in live minutes, a few may survive much 
longer. 

Toxins .—In a case of infective endocarditis examined 
by Sidney Martin, due to the M. pyoyenes, var. unions, 
a large amount of an albumose ami of a basic body was 
extracted from the blood and spleen. Thu albumose 
produced fever and wasting, and retarded the coagula¬ 
tion of the blood. 

Leber extracted a crystalline body, which he termed 
phlogosin, from cultures of the ill. pyoyenes var. aureus, 
and Brieger also obtained a crystalline base. 

The decomposition products of the action of the if. 
pyoyenes, var. aureus, on egg-albumen are, according 
to Emmerling, phenol, indole, and skatole, many 
volatile and non-volatile acids, betaine, and tri- 
inethylamine. 

Antiserum .—Attempts have been made to prepare 
an anti-serum by the injection of cultures, but the serum 
is of no practical value. A vaccine, prepared by heating 
a suspension of an agar culture to 65° C. for half an 
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hour and standardising, has been used with much success 
in chronic staphylococcic infections, such as acne and 
boils. 

Micrococcus pyogenes, var. albus, and var. citreus. 

Micrococcus epidermidis. Micrococcus cereus. 

These organisms are of rarer occurrence than the 
preceding one. In morphology and cultural character¬ 
istics the first two agree with the Micrococcus pyogenes, 
var. aureus, except that the albus prodneos a white, 
shining, porcelain-like growth, and the citreus a lemon- 
yellow growth, on agar. They are said to be less 
pathogenic than the aureus, and are only occasionally 
found alone, being usually associated with the aureus. 
Clieyne, however, states that in his experience the albus 
is more virulent, than the aureus, and mixed infections 
with the aureus are regarded as more severe than 
infection with the aureus alone. The albus has been 
found in some cases of panophthalmitis, and is said 
by Fliigge to be commoner than the aureus in the lower 
animals. 

Andrewes and Gordon' regard the aureus, albus, and 
citreus merely ns variants of a single species, the Micro¬ 
coccus pyogenes. They found that every variety of 
colour, from orange, through yellow to white, might be 
obtained by cultivation. The Micrococcus flavescens, 
met with by Babes in abscesses, may probably be placed 
in the same category. On the other hand, the Micro¬ 
coccus epidermidis {albus), first described by ‘Welch as 
occurring on the skin, in stitch abscesses, etc., and 
feebly pathogenic compared with the M. aureus, is 
stated by these authors to be perfectly distinct from 
the foregoing. Other organisms which are occasionally 
met with in abscesses, the Staphylococcus cereus albus 
» Rtp. Mm I. Of. Loc. Gov. Board tor 1905-00, p. 543. 
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amt S. cere tut Jhtcm of I’asset, form shining waxy growths 
on agar, and do not liquefy gelatin, and are probably 
variants of another species, which may be termed the 
Jlicrucoccnn ceteus. There may be many other varieties 
of micrococci not yet properly differentiated. 1 Well- 
defined micrococci occur in the saliva (M. ralimriite), 
and in the scurf from the scalp. Amlrcwcs and (Sordou 
give tho following differential table of some of these 
micrococci: 


i'hicj Ti/ficN nj' Hit mint Micriicucri. 


Organism. 


I troth 

I CUltlllf. 


on Hkrur S. 



Micracon-u* Turbid Omn^o, + + 

pyoyene* yellow. 

or wliitt* 

M irrornce.UA Turbid White + + 

epiilrnnulin | 

Mirroroccvs 1 Olcur White U 0 

fin f i raring j 

Scurf niicto-j Turbid White 0 O 

coccuh ;or clear 


u -f 

+ + 

o 4 

O 4 


A nil foi null loll 
fiom 



4 I *■ + ► 



4 * f 

4 M l 

U M O 


0 FitIiIi 1 . 
0 
0 


Micrococcus zymogenes. 

Isolated by MacCallum and Hastings' Irom a case 
of acute endocarditis. A minute micrococcus, non-mot ile, 
and staining by (Irani's method. On surface agar it forms 
a thin, slightly elevated, moist, glistening, greyish- 
white growth. In gelatin stall-cultures the growth 
is somewhat opaque and granular, with slow liquefac- 

1 Bee Gordon, Rep. Med. Off. Lor. Gov. Boanl for ItXB-dt, p. 1188. 

- Jour n. Rep. Med., vol. iv, 1899, p. 521. 


16 
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tion. Blood-serum is slowly liquefied. On potato a 
thick, moist, dirty-white growth develops, becoming 
dry and brownish after three days. Broth becomes 
slightly clouded after twenty-four hours’ growth, but 
in three to four days the organisms settle to the 
bottom, leaving the medium clear. Neither indole nor 
gas is formed. Iti neutral litmus milk the litmus is 
decolorised after a few hours, and in twenty-four hours 
the milk is firmly curdled. Somewhat later liquefac¬ 
tion of the curd ensues from above downwards; at 
first the turbid fluid is reddish in the superficial layer 
and yellowish below; ultimately the whole curd is 
transformed into a turbid liquid with a reddish colour 
throughout. Those changes in milk are characteristic 
of the organism. It is pathogenic to white mice, 
hardly so to guinea-pigs and white rats, and mode¬ 
rately so to rabbits; intra-venous iuoculution into 
the latter sometimes sets up an endocarditis. Harris 
and Longcope 1 have reported five more instances of the 
occurrence of this organism (once from a cesspool, four 
times us secondary invasions at autopsies), and Dirge' 
has isolated a similar but less virulent organism from 
the larynx of crows. 

Micrococcus neoformans. 

This organism was isolated by Doyen from malignant 
growths, and was supposed by him to be the causative 
organism of malignant disease. It is a typical Gram¬ 
positive coccus, giving a white growth on agar and 
liquefying gelatin in three to four da} # s. According to 
Dudgeon and Dnnkley, 3 it gives all Gordon’s fermenta- 

1 Centr.f. Bail. (1*« Abt.), vol. xxx, 1001, p. 353. 

* John* Hopkini Hotp. Bull., vol. xvi, 1005, p. 309. 

* Joum. of Hygiene, voL vli, 1907, p. 18. 
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tion tests for the M. pyogenes, var. alhua, except that 
it does not acidify mannitol. 

The serum oj patients suffering from malignant disease 
does not give any marked agglutination with the M. neo/onnane. 
nor does it contain opsonins specific for the organism. The 
M. nenformana is noil-pathogenic for rats and mice. 


Pathogenic Streptococci. 

Several pathogenic streptococci oecnr, originally 
described as one species, St reptocm-eus pyageuts, but of 
which there are several variants. 

Morphology .—A lion-motile, spherical coccus measur¬ 
ing about I fi in diameter. It stains well with auiliii 
dyes and is Gram-positive. 

Multiplication is by fission in one direction only, so 
that chains of cocci are formed. In pus these chains 
do not usually contain more* than ten to fifteen elements 
(I’iate II., a), bnt under cultivation, and especially in 
broth cultures, they may be much longer, ami occasion¬ 
ally in a chain an irregular division occurs, ho that a 
branch chuin forms. A cell here and there in a chain 
is often somewhat larger than its fellows, and some 
authors have considered these enlarged individuals to 
be arthrosporcs (Plate II., h) 

Cultural reactiontt .—it can be cultivated on the 
usual culture media, and grows anaerobically as well as 
aerobically. On agar, or better, glycerin agar, it forms 
in twenty-four to forty-eight hours minute whitish, 
semi-transparent, more or less isolated colonies (Plate 
II., c). On gelatin the growth has much the sumo 
characters, and is better seen, as this medium is clearer 
than agar, but it takes some days to attain the maxi¬ 
mum. In stab-cultures it forms minute spherical 
colonies all down the line of the stab, but does nut 
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invade the surrounding medium; thu gelatin is not 
liquefied. In broth it forms a flocculent deposit, the 
fluid generally remaining clear. It does not develop 
on potato, but in milk it grows well, usually, but not 
always, with coagulation. The indole reaction can be 
obtained in broth cultures in seven to fourteen days on 
the addition of a nitrite, but not without. It gives an 
acid reaction when grown on neutral litmus glucose- 
agar. It is the oidy organism with which tho writer 
is acquainted that does not reduce a weak solution of 
methylene blue. 

According to Sternberg, tho thermal death-point of 
Streptococcus pyogenes is 52° to 34° C., the time of 
exposure being ten minutes. It is destroyed by a two 
hours’ exposure to 1—300 carbolic acid and 1—2400 
mercuric chloride solutions. 

The Streptococcus pyogenes is sometimes found in 
acute circumscribed abscesses, in It5 per cent, according 
to Zuckermaun from an analysis of the results of 
various observers. Tho streptococcus is, however, 
especially frequent in spreading intlanimutions, lym¬ 
phangitis, cellulitis, and progressive gangrene, and is 
the usual cause of pyamiia and puerperal fever. It is 
met with in about one third of thu cases of infective 
endocarditis, occasionally in acute osteomyelitis, and 
seems to bo the cause of the septic pneumonia so ofteii 
observed after operations about the mouth and throat. 

In erysipelas, streptococci are present in the lym¬ 
phatics at thu margin of the zone of redness. These 
were first isolated by Fehleisen, who described the 
organism as the Strejitococcus erysipelatis , and by 
inoculation experiments on man and animals demon¬ 
strated its causal relation to the disease. The experi¬ 
ments on man were made in cases of extensive and 
inoperable carcinoma and sarcoma, as it had been 
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noticed tliat malignant tumours were frequently bene¬ 
fited after an attack of erysipelas. Several cases were 
inoculated, and all were successful with one exception, 
typical erysipelas developing (sec Coley’s fluid, p. 
203). Jordan, 1 however, has found experimentally that 
typical erysipelas may bo produced in a rabbit’s ear 
not only with the streptococcus, but also with staphy¬ 
lococci, pneumococci, and li. coli, and ho believes that 
although streptococci usually cause human erysipelas, 
this disease may also be produced by staphylococci, 
and possibly by the pneumococcus, li. roll, and even 
the B. typhosus. 

At one time the Streptococcus eryxipelutix was con¬ 
sidered to be different from the Streptococcus pyogenes, 
but the two organisms are now regarded as identical, 
the differences in cultural characters being slight and 
not constant. Petruschky 2 produced a typical erysipelns 
in the human subject by inoculation with a pure culture 
of a streptococcus derived from a case of suppurative 
peritonitis, and Bulloch* has shown that an animal 
immunised against a streptococcus derived from a case 
of erysipelas is also immune against a streptococcus 
isolated from an abscess (but see below, p. 248). 

The different effects produced by the Streptococcus 
pyogenes, abscess in one case, erysipelas in another, 
•cellulitis or pyaemia in a third, are attributable partly 
to differences in virulence, partly to the seat of infection 
and mode of entrance into the body, partly to real 
differences existing between different races of strepto^ 
cocci (see below, p. 248). (Streptococci have been 
described in a number of diseases about which we know 
little, such as variola, scarlatina (S. scurlat hue or 

1 Minch, med. Woch., August ii'tli, lflOI. 

1 Ztiltch. f. Hug., xxiil, 1HH0, p. I MZ. 

* Tran. Brit. Inti, of Prep. Mnl., vol. i, IKU7, p. 0. 



246 


Manual of Bacteriology 

eonglomerutun ), and vaccinia, but it is uncertain wlmt 
causal relation they boar to these conditions. Strangles, 
a diseaso of horses, seems to be due to streptococci. 

Anti-neriim .—The important lesions dill; to the strep¬ 
tococcus and their grave nature have led to the attempt 
to prepare an anti-serum, but many and great experi¬ 
mental difficulties have to be overcome to do this. The 
virulence of the streptococcus has to be increased by 
passing it through a series of rabbits, and it is only by 
growing it in serum media that satisfactory cultures for 
the inoculntion of the horses can be prepared. Human 
serum is the best, but is difficult to obtain ; a mixture 
of asses’ serum and peptone beef-broth comes next. 
The cultures are grown for about a fortnight and are 
then inoculated into horses, first killed and then living 
cultures being used, and after a time the blood accpiires 
anti-mierobic properties. It is customary now to make 
use of a " polyvalent” serum, /. e. one prepared by the 
injection of many strains of streptococci. The strepto¬ 
coccus anti-serum has been employed in erysipelas, 
cellulitis, puerperal fever, and pyamiia, in many cases 
with apparent success. Cheyne suggested its use 
before operations about the mouth and throat as a pre¬ 
ventive of septic pneumonia, but a rncciue would 
probably bo better for this purpose. 

A vaccine prepared by sterilising cultures with heat' 
may be used with benefit in streptococcic infections, 
which do not run too rapid a course, v .;/. infective 
endocarditis. 

There are slight differences in the cultural characters and 
morphology of the streptococci derived from different sources, 
and the virulence varies very considerably. Von Lingeisheim 
distinguished two varieties, brevit and luiigim, the former 
rendering broth turbid, growiug in short chains, nnd 



Varieties of Streptococci 


247 


being non-pathogenic to mice and rabbits, the latter leaving the 
broth clear, growing in long chains, and always pathogenic to 
these animals. These are considered by some to be merely 
accidental varieties and not true sjsvios. 

Gordon 1 divided the streptococci into four varieties, vie. 
(1) the 8. lonyiix, restricted to an organism forming excep¬ 
tionally long chains; (2) 8. meiliit» including the majority of 
streptococci from pus, sepsis, and erysijsdas, and bingel- 
sheiin’s lonijna- (3) S. hreria. including Lingclshciin's h/vc/sand 
the Dipl oeoec na pnen man in‘\ (4) 8. am riot i ntv or coinjIomvrahiK. 
In addition to differences ls»tw»s*n the colonics on agar and 
gelatin, the following table illustrates other differences: 


S. Iso¬ 

lated from tin* 

intuiili. 


8 . mail rid. 

Krimi pun, etc 


*S. hrt i in * mill 
Linjrcdidiidni’N 
variety ; nl»o 

111 ft. ft itrn m 'in itr 


I 

S. mirlntint* nr 

MiHit/iiwmifm, J 


Morphology 


Hrotli . 


(Jelatin nt 
37° r. 
Liltniu 
milk 


Very lotiir mul Mediiim-Mxcd, 
rnmpHmtively rurlinv’, 

Htrmyht clmiiiH rliHiiiK 


Short cIimiiih of 
only a feu 

«>ll*IIM< 1 lt ■< 


Himiihiiih clear. Same h* Itccomca tnrlml 
KI Occident, .V. hiHon m llimuirlmiil 

TllltHMOH Of 

growth form at 
lmttoni of tiilM* 
willi no 
coherency 

Similar lo hrotli Similar to UrriiuicK imi- 

limtli fornilx tnrlml 

Orowtli confined Acid pnaluc- Nliirhl arnl |»ro- 

to the liottoin of lion tdiyhi. duct inn. Milk 

the tiilw. Arnl No curdliny iimimIIj fiirilli'il 

reaction. No 
cnnllinir 


Miuiwi* of rhmna. 
Apparently Im- 
rillar idiphihrim- 
like) fnrmMHp|N*nr 
uniter ccrimn 
ih indillon*. 
lirmaina clear, 
Urowth forma 
w lute nmwH 
w illi nntrkeil loti* 
ilenry to letaui • 
tlieir fillicrenoy. j 

Similar to hrotli. : 

Murli m hl pro* 
ilmt ion Marked 
f-iirrilmu. 


* W*<.hlmnrn nnil Oomlliy Mint tin- V, t.rrri. is ilip n.niiii»iu»t m 

the inmilli. 

Recently, considerable attention lias I teen directed to the 
differentiation of streptococci by Houston , 1 Andrewes,* 

' Bap. Med. Of. Lor. Oov. Board for IMIH-MI. p. *K2. 

* Bep. Mtd. Of. Lor. Oov. Boar I Tor IWKMKI, |». fill, and 1003 4. 
p. *72. 

* Lancet, November 2*th, 1006. 
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Andrews and Horder, 1 Gordon, 8 and Besredka. Considerable 
differences are found in the fermentation reactions of 
various strains of streptococci, and Andrewes and Horder 
distinguish (1) Streptococcus pyogenes from pus, erysipelas, 
cellulitis, pysemia and septicaemia, endocarditis, etc. (2) 
8. saiivanus, the common type in the saliva. Also met 
with, probably as a “terminal” infection, in endocarditis 
and septicaemia. Shades into the S. fmcalis and S. anginosus. 
(8) 8. anginosus, from inflamed and scarlatina throats, 
endocarditis, and rheumatism. (4) S. fiecalis, abundant 
in 'faeces, air, and dust. Met with also in endocarditis, 
meningitis, cystitis, and suppuration. Two strains of the 
Diplococcus rheumaticus proved to be this organism. (5) 
The pneumococcus. (6) S. equinus, present in the intestine 
of herbivora. They do not assert that these are absolutely 
defined species; at the most they seem to be species in the 
making, and are connected by transitional forms. Walked 
does not consider that these reactions afford a means of 
distinguishing definite varieties among human streptococci. 


Andrewes and Horder give the following table sum¬ 
marising the characters of the various streptococci : 



j | 1* -a 

3 ja *, gs i? 

III I J 


— + j !o*g*o + -f 

— ± brrrit — 0 

— * lomgot + + 

+ + brrri, — o 

— p brtvio — 

— — brrrit + O 


+ = Positive or sclil-prodnotiun. - = Ne(tntlve or no acld-productlnn- 
± = Acid-production sometimes present, sometimes absent. 

(These differences ere not constant; with vnrions strains one or other reaction 
may be larklnp.) 


1 Lancet, 1906, vol. ii, pp. 708,775, 852. 


> * Ibid., November lltli, 1905, and Rep. Med. Of. Lot. Qov. Board 


for 1908-04, p. 888. 

a J’roc. Boy. Bor. Land* B. vol, Ixxziii, 1911, p. 541. 
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Bacillus pyocyaneus. 

This is the organism found in green and blue pus, 
and it also occurs on the surface of the body. Its 
presence in wounds greatly retards healing, and occa¬ 
sionally a general toxiemia may result from it. It has 
been met with in otitis media and in the green puH of 
the pleural and pericardial cavities. It is a slender 
bacillus measuring 8 to 4p, frequently united in pairs 
and forming filaments. It is actively motile, does not 
form spores, and is aerobic and facultatively anaerobic. 
It does not stain by (Irani’s method. On gelatin it 
grows freely with rapid liquefaction, a greenish, fluores¬ 
cent colour developing in the liquid, while whitish 
floeculi of growth sink to the bottom. On agar a 
whitish, moist Ia\er develops, and the medium is stained 
a greenish colour. On potato the growth is a dirty 
brown or sometimes greenish. 

Milk is coagulated and a greenish colour develops. 
Broth becomes turbid, and there is a slight film forma¬ 
tion with a greenish colour. Oxygen is necessary for 
the development of the pigment, which is generally a 
mixture of a bine pigment, pyocyanin, and a yellow one, 
pyoxanthose. Pyocyanin (('|jHj,N 3 0) is said to be an 
anthracine derivative; it is soluble in chloroform, and 
•on oxidation yields pyoxanthose. 1 Various races of the 
organism exist, differing in their pigment production. 

Subcutaneous inoculations of a small amount of a 
culture produce locnl abscesses; larger amounts canse 
cedema with purulent infiltration of the tissues and 
death. Animals can be vaccinated by means of small 
quantities of living cultures or by sterilised cultures. 
Sterilised cultures will prevent infection (experimentally) 

1 See Centr. f. Bakt., nr, p. 897 : J-nrn. Etj>. Meil, Heptember- 
November, 1899. 
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by anthrax if used early—that is to say, if an animal be 
inoculated with anthrax, and shortly afterwards injected 
with a broth culture of the Bacillus pynryiineua, a fatal 
result is averted. Eniinerich and Loew'xdaiin to have 
isolated from cultures a ferment-like body, “ pyo- 
cynnase, ” which they stato has preventive and cnrative 
properties towards anthrax and diphtheria infections. 
Emmerich 3 has employed the dry pyoeyanase as an 
application in diphtheria to dissolve the false membrane. 

Williams and Cameron” describe four casesof dinrrhoea 
with green stools, wasting and death in infants in 
which the B. pyoryancus was obtained, and suggest that 
many cases of marasmus may be due to it. A form of 
epidemic dysentery seems occasionally to bo caused by 
this organism (see “ Dysentery ”). A few cases of genoral 
infection with this organism have also been recorded. 
It has also been isolated from conditions of dermatitis 
and bullous eruptions.*' The B. pyoryancus has been 
found in water, dung, soil, and in the effluent from filter 
beds. Lehmann and Neumann state that, with the 
exception of pathogenicity, there is no essential difference 
between this organism and the B.jlnorcsccus liyitcfacicns 
so frequently met with in water. 

'I’he B. pyoryancus seems to be of more frequent 
occurrence and of greater pathogenicity in the Tropics 
than in this country. A disease bearing a remarkable 
similarity to rabies may be caused by it (see “ Rabies ”). 

Clinical Examination. 

In many cases some idea can probably lx* formed as to the 
organisms likely to be present in the pus or discharge, etc., 

1 Zeittchr.f. Hyg., 1890; Centr.f. Baht., xxxi (Origimi/e), p. 1. 

,J Minch, mcd. Il'orfc., November 5th and 12th, 1907. 

* Journ. Palh. ami Bad., vol. iii, 1896, p. 244. (Refs.) 

4 See Pemet, Brit. Met!. Jaurn. vol. ii, 1904, p. 992. 
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from the clinical characters of the disease, iu which case the 
examination may be more particularly directed towards the 
isolation of the suspected organism. For example, in a 
urethral dischange the gono.*oi*cus will be especially looked for, 
in an empyema following pneumonia the Diplococcus pneu¬ 
moniae, and in a tropical abscess of the liver the Amoeba rail. 
Iu all cases the pus or discharge should Im> collected with 
aseptic precautions in sterile capillary pipettes or in sterile 
teat-tubes at the time of deration. The discharge from 
opened abscesses and from wounds is liable to lsn'otite con¬ 
taminated and the original infection to Is* masked. lit 
septic wounds the infection may Is* a mixed one. 

In all cases the examination should Ik* commenced as 
early as possible. 

(1) Make several smears from the pus or discharge. 

(2) Stain one or two of these with Loefller’s blue ami 
one or two by drain's method. Mount and examine micro¬ 
scopically. 

(a) If staphylococci only are detected, tin* presence of the 
ordinary pyogenic cocci may Is* sus|**cted. l’ri*ceed as in !t, 
4. and f>. 

(h) If eneapsuled diplorocci are delected. sus|s*ct the 
presence of the iJiplocnccHS piieiniioni/f, and proceed as in It, 
•'» ami 7. 

(V) If diplorocci and telracis'ci are present, note whether 
they are in groups within the pus-eel Is : if so. suspect the 
•presence of either tin* gonococcus or lUp/ococcne iiitm-rrlln- 
laris meningiliilis, and proceed as in ti. 

(,/) If free tetracocci an* detected. suspect the presence of 
the Micrococcus lelratjenn*, and proceed its iu It and 4 ( rare). 

(e) If streptiK*(K*ci are present the Streptococcus pyotjencs is 
probably the species. Prom*d as in U, 4, and ft. 

(/> If lau'illi are present they may Is* the colon liacillus, 
the Bacillus Welchii (ai'rntjenee capsnlalus), the bacillus of 
malignant oedema, the tetanus bacillus, the typhoid bacillus, 
the Bacilluspyocyaneus, or putrefactive Iwrilli of the Proteus 
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group (which see). The result of Gram-staining and the 
clinical history of the case will, be some guide. 

n. The colon bacillus, especially frequent in suppurative 
peritonitis and in diseases of the urinary organs. (See page 
407.) 

ft. The Bacillus Welch ii (aiirogenes capsnlalus), especially 
met with in foul wounds and gangrenous conditions, with 
much development of gas. (See Chapter XIII.) 

Y- The bacillus of malignant oedema occurs in septic 
wounds with septiceemic complications. (See Chapter XIII.) 

B. The tetanus bacillus is found in the wound in cases of 
traumatic tetanus. (See Chapter XIII.) 

t. The typhoid bacillus is rare; it may occur in suppura¬ 
tive conditions complicating or following typhoid fever. 
Proceed as in 3 and 4. (See also p. 374.) 

£. When the Bacillus pyocyaueus is present the pus or dis¬ 
charge may be blue. Proceed as in 3 and 4. 

(<j) If yellow granules, having a rosette-like structure 
microscopically, are present, actinomycosis may be suspected 
and examined for by the methods given in Chapter XV. 

(A) If thread forms be present, streptolkrix or aspergillar 
infection may be suspected (see Chapters XV and XVII) : 
if large round or ovoid cells or yeast-like forms, Blastamycetes 
or Sporotrichon (Chapter XVI). 

(/) If a mixture of organisms l>e present, agar and gelatin 
plate cultivations should be prepared and further examined bv 
subcultures from the colonies. 

(j ) If no organisms can be detected microscopically, 
proceed as in 3, 7, or 9. In the pus of ordinary abscesses 
micro organisms can generally be detected, unless caused by 
the tubercle or glanders bacillus, the pneumococcus, or the 
Amceba coli. In broken-down granulomata, e. g. guinmata, if 
unopened, no organisms may be present.. 

(3) Make several cultivations on agar and gelatin 
(anaerobic if required), and examine microscopically and by 
subcultures when the growths have developed. 
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(4) Make two or three sets of agar and of gelatine plate 
cultivations. Examine the colonies microscopically and by 
subcultures. 

(5) Stain two dr three of the cover-glass preparations by 
drain’s method, and counter-stain with Bismarck brown. 

(6) The gonococcus and Diplncon-it* intracellulari* may lie 
identified and distinguished by t he methods detailed at pp. 
259 and 253. 

(7) Inoculate guinea-pigs or mice sulM-utancously and 
intra-peritoneally with the material. 

(8) Organisms can rarely lie detected in the blood by a 
microscopical examination of stained Kims. Therefore 2-5 
e.c. of blood should la* withdrawn and cultivated (p. 131). 

(9) If the abscess lie probably a tropical abscess of the 
liver, the pus or scrapings from tin* wall of the abscess should 
be examined for the presence of the ilimdw r«/i. (Chapter 
XVIII.) 

Micrococcus meningitidis.' 

Weichselbiium in 1887 isolated from cases of epi¬ 
demic cerebro-spinal meningitis (spotted fever) a coccus 
which he named the Diplnrnccus nitmcftlnluris meningi¬ 
tidis, and further research has confirmed the accuracy 
of Weiehselbaum’s discovery and the tetiological re¬ 
lationship of the organism to the disease. 

Morphology, etc .—The meningococcus, as it may bo 
termed, occurs as single cocci ami diplococci in groups 
within the leucocytes (Plate 111., a) ; in grouping nnd 
general appearance, in fact, it closely resembles the 
gonococcus, and, like the last named, is Gram-negative, 
though staining well with the ordinary anilin dyes and 
with the Leishman stain. In cultures it occurs as 
cocci, diplococci, and occasionally as tetrads. 

Cultural characters .— 1 The meningococcus is an 
1 See Gordon, I Up. hoe. Oov. Board, 1807 (Sibling.) i Arkwright, 
Joum. of Hygiene, vol. vii, 1907, p-IBS i vol. w, 1808, p. 104. 
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obligatory aerobe, and does not grow at a temperature 
below 25° C. It will occasionally grow in primary 
culture on glycerin agar, but frequently not, though when 
acclimatised it grows fairly well on agar'and in broth. 
The organism develops best on agar smeared with blood, 
on ascitic-fluid agar or broth, or on the nutrose ascitic 
agar of Wassennann (termed by Gordon “ nusgar ”) : 

Ascitic fluid . .15 c.c. 

Distilled water.35 c.c. • 

Nutrose ...... 1 grin. 

Thu mixture is placed in a flask, brought to the boil with 
constant shaking, and tilterud. It is theu mixed with double 
the volume of ordinary nutrient ugar, steamed for thirty 
minutes, filtered, and filled into tubes. 

The colonies of the meningococcus on this medium 
after twenty-four hours’ incubation at 37° G. appear as 
moist, grey, translucent, circulur or oval discs with 
regular outline; after a further twenty hours’ growth 
they may attain a diameter of 3 to 4 mm. The colonics 
nover exhibit any yellowish coloration as do those of 
some other Gram-negative cocci. Ascitic fluid broth 
(ascitic fluid 1 part, broth 9 parts) is also a good culture 
medium, and it grows in milk without clotting or change 
in reaction. Arkwright found that grown in gelatin at 
37° C. the meningococcus causes liquefaction, while 
the M. ealarrhalis does not. The organism needs 
constant transplantation to maintain vitality in culture. 
The fermentation reactions, which are somewhat variuble, 
are given in the table on p. 261. 

Syrners and Wilson 1 examined the fermentation 
reactions of a number of strains of the meningococcus. 
Glucose, maltose and dextrin were fermented with the 
production of acid, luevulose, galactose, lactose, mannitol, 
1 Jomrm. of Bggimnt, rot. lx, 1906, p. 9. 
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dulcitol, and a number of glucosides wore never fer¬ 
mented. 

Puthoyenenin .—In man the organism causes epidemic 
cergbro-apippl* meningitis, and is occasionally met with 
in sporadic cases of cerebro-spinal meningitis. It is 
also capable of producing a haemorrhagic septicaemia 
without meningitis. It occurs in the cerebro-spinal 
fluid (obtained by lumbar puncture) in the blood in 
25 per cent, of the cases provided (|uautities of 5 to 
20 c.c. be cultured, sometimes in the upper respiratory 
passages, particularly the nose, in the middle ear, eye 
and joints. Park states that the organism is usiiully 
present in the nose in the early duvs of tlu> illness. 
The meningococcus is pathogenic to mice ami guinea- 
pigs by intra-pcritoncal or intra-pleural, but not by 
subcutaneous, injection. Intra-spinal injection into 
monkeys produces a typical meningitis. 

An agglutination reaction is given in some cases, but 
is neither constant nor marked enough to form a sure 
means of diagnosis. 

Syuuners and Wilson 1 have found that the blood of 
epidemic cerebro-spinal meningitis cases may occasion¬ 
ally agglutinate the B. IijiAiohhh and B. cult in com¬ 
paratively high dilutions. 

Vaccine and an tj-ssu:uui .—Cases have been reported 
*of remarkable benefit derived by vaccinating with 
killed cultures. 

Flexner has prepared-an.. anli.sorum with which 
successful results have been obtained. 

Still observed in simple posterior basic meningit is of infants 
a diplococcuB closely resembling the meningococcus but 
growing more freely on agar. etc. By some it is regarded as 
an attenuated form of tbe latter. According to Arkwright it 

1 Joum of Hggitnc, vol. viii, 1008, p. 314 
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' T*f+ 

does not liquefy gelatin, si|gjl grows on this medium at 22° C 
£ajla to produce aeijL from glucose, maltose, and galactose 
and is pot agglutinated by a meningycoccus serum. It is in 
these respects very jfte the M. einereus of Liugelsheim. 
Wollstein' failed, to find ijjjy reliable criteria of difference 
between strainM»f *the D. inttacellulnri* and several cultures 
obtained fron^t^mes of posterior basio,meningitis. Houston 
and Banking found that ten Gram-negative cocci isolated 
$rom c£*es of sporadic cerebro-spinal meningitis differed from 
the D. intracellulari* in respect of their opsonhas and agglu¬ 
tinins, though eight of them were identical with the meningo¬ 
coccus 4n fermeutive power. Diplococeiut-. craamm (Gram¬ 
positive), D. muroaua (grows on gelatin), D. jtavua (produces 
yellow pigment), and if. catarrhcUia, the three latter Gram¬ 
negative, may occur in the uaso-pharynx. (See Arkwright, 
loe. cit., also p. 260.) 

Grain-positive cocci and other organisms may occasionally 
:ause a sporadic cerebro-spinal meningitis, e. y. the pneumo- 
ioccusXtyphoid and Gartner bacilli, and streptococci (8. 
fteceUia and 8. antioariua, Symmers and Wilson, he. cit., 
1909 ^ 


Micrococcus gonorrhoeas. 

v Tib Micrococcus (jonorrheese was discovered by Neisser 
v ill 1899 in caseB of gonorrhoeal urethritis. In gonor- 
Mjhqeal pus it occurs usually-in pairs, occasionally in 
^ jt o foa dm the elements of which are soineyrhat gvoi d in 
vbfp&rtheir opposed surfaces bei n g - iiattkiied. The 
‘orgajpfeav has a characteristic arrangement; it occurs in 
)U |»^citftin the pus-cells (Plate III., 6).' The indi- 
oofcci vary somewhat in site, the average being 
*t07 fi in the long and 0'5 pin the short diameter. 

1 gfwttlgAom tk* Rockefeller hut., vot**, 1010, No. IS. 

4 * JMi. Med. Jbum., 1807, »oL ii, p. 1414..., 

' Wr* J . .o d' ■ - 
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It s tains readily with the nnilin dyn^ L b ffl w' s 

bine bein g pprhapg fcW best, but is decolorised hy (Inun’s 
m ethod —an important practical distinction from many 
other cocci. 

C ultural characte rs .—The gonococcus is difficult tq 
cullucate, and usually soon dies out uuder cultivation— 
within a week, unless transferred to fresh soil—but it 
does not seem to lose its virulence. Growth takes place 
between-. 25 -a nd -38^-0., but the optimum, temperature 
is between .35° and 37°.C. It updinobic, and possibly 
fa cultatively anaero bic, and will d evelop . on a feeb ly 
al kalin e .or-acid., soil. The ordiuary._agar and gifelin 
media are useless for the cultivation of the gonococcus; 
it will grow only on a medium containing “ native ” 
protein. Blood-serum agar -gives-fair results, but the 
ordinary Laffer's blood-serum is of no use. The best 
medium is agar smeared with blood. Ordinary sloping 
agar tubes or small agar plates may be employed. Blood 
obtained by pricking the finger, with antiseptic pre¬ 
cautions, is taken up in a sterile capillary tube and 
deposited on the agar. CA trace of gonorrhoeal pus, 
collected with aseptic precautions, is taken up on a 
small sterile camel’s-hair brush, and is rubbed up with 
the drop of blood and smeared over the surface of the 
agar. The cultures are incubate d at 37° C.. juid in 
t wenty.f n»if h/mra the colonies of the gonococci appear 
as transparent greyish specks, which increase in size 
up to anrt nf +Vna «laya At this stage the colony 
measures 1 to 2 mm. in diameter, is raised, brownish, 
and finely granular in appearance, and roundish with 
a crinkled margin. The cocci from cultures resemble 
those in the pus, but tetrads are more frequently met 
with. The fermentation reactions and comparison with 
other Gram-negative cocci will be found in the table, 
p. 261. The specific virulence of gonorrhoeal pus is >, 

17 
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destroyed by exposure to a temperature of 60° C. for 
ten minutes. 

Pathogenicity .—The gonococcus is a strictly parasitic 
organism, and seems oxclusively to attack* man. From 
inoculation experiments on the human subjects it 
appears to bo the specific organism of gonorrhoeal 
urethritis and vulvitis. In the female it is most 
frequent in the urethral or vulvar discharge, less so in 
that from the cervical canal, and is rarely or never seen 
in a purely vaginal one. It is generally, even at an 
early stage, associated with other organisms, particularly 
other diplococci (see table, p. 261) which have to be 
distinguished from the gonococcus. The features 
which serve to identify the latter are its shape and 
size, its non-staining by Gram’s method, its arrangement 
in groups within the pus-cells, absence of growth on 
ordinary media, tho characters of the colonies, and the 
fermentation reactions. 

The gonococcus is associated with a variety of lesions 
besides those already mentioned, viz. epididymitis, 
ovaritis, salpingitis, cystitis, peritonitis, arthritis, and 
conjunctivitis. It has been met with in tho blood, and 
occasionally produces eudocurditis, pericarditis, and 
meningitis. The gonococcus is fatal to guinea-pigs 
and mice by intra-peritoneal inoculation. 

Toxin, antiserum, and vaccine. —Christmas 1 found' 
that the blood-serum of the rabbit, fluid or coagulated, 
is an excellent culture medium for the gonococcus. By 
cultivating the gonococcus for ten days in an ascitic 
bouillon mixture he succeeded in obtaining a toxin 
which, when injected intra-venously into rabbits in large 
doses, Caused death, in smaller doses fever and loss of 
weight, while precipitated with alcohol and injected 
into the anterior chamber of the eye it produced severe 
1 -inn. d* I’lntt. Pastsur, xi, 1807, p. (100. 
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inflammation. By injecting rabbits with small doses of 
the toxin immunisation was produced, and the blood 
acquired antjtoxic properties. A vaccine may be pre¬ 
pared by sterilising cultures with heat, ahd has proved 
of service'in chronic gonorrhccul infections. 


Clinical Diagnosis. 

The diagnosis of gonorrhoea is very important , not only in 
clinical but »1bo in medico-legal cases. For this purpose 
microscopical examination und culture methods are made use 
of. In a chronic gleet the material must be uxaminud care¬ 
fully and repeatedly. 

(1) Microscopical examination .— Several thin smear speci¬ 
mens of the pus or discharge should lie prepared. If the 
best results are desired the films should I** air dried, and 
then fixed by placing in a mixture of equal parts of alcohol 
and ether for fifteen minutes. After fixing, a couple of the 
films are stained in Loflier's^Wue for five to ten minutes, 
washed in water, dried and mounted. Leishniun’s stain also 
gives good results, the films lieing merely air-dried and not 
fixed. The preparations are then examined with a -inch 
oil-immersion ; a lower power lens is useless. The ovoid 
cocci in pairs, and occasionally in tetrads, occuning within 
the pus-cells in groups of not less than four pairs are very 
characteristic. Diplococci situated outside— Hul.. pus-cells 
s hould be neglected (it is to lie noted that the nuclei of the 
pus-cells are deeply, the cytoplasm only faintly, stained with 
methylene blue). The next step is to ascertain the staining 
reaction by Gram’s method. Staiu two more films for fifteen 
minutes i n anilin gentian violet* dip in 

i odine solution for two minutes, decolorise in absolute 
alcohol until the drainings fail to stain white' HTE5r~paper, 
and counter stain for forty-five seconds in a saturated aqueous 
solution of Bismarck bro wn diluted with three times its 
volume of distilled water. The gonococci are decolorised. 
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and take up the brown stain. In chronic urethritis the urine 
may be centrifugalised, and preparations are made from the 
deposit and threads and stained. 

(2) Culture methods. —Whenever a diagnosis is of great 
importance an attempt should be made to cultivate the 
organism. Plate cultures of agar smeared with blood as 
described (p. 257) aud another set with agar only should be 
prepared and incubated at 87° C. In forty-eight hours 
colonies of the gonococcus should be recognisable on the 
blood-ag ar, but not on the plain agar. 

If cultures are obtained, the fermentation tests (p. 261) 
may be applied. 

N.B.— The greatest caution must he exercised in declaring a 
case free from infection on the ground of negative results of 
the examination. 

, Micrococcus catarrhalis. 1 

This organism occurs in the nose and throat in cases of 
catarrh, and particularly in the “influenzal cold” (see 
“ Influenza "), in bronchial catarrh, and occasionally in other 
conditions and in well people. Morphologically it occurs in 
pairs and tetrads, often within the polymorphonuclear leuco¬ 
cytes. It is Gram-negative. The primary generation develops 
feebly on agar, but subsequent generations grow fairly well, 
forming whitish translucent colonies. Blood or ascitic media 
should be used for isolation. Some of the fermentation 
reactions and a comparison with other Gram-negative cocci 
are given in the table on the next page. 

Micrococcua tetragenus. 

This organism is frequently met with in phthisical cavities 
and may be expectorated in the sputum, and baa also been 
found in the pus of acute abscesses. The cells occur singly 

1 Bee Gordon, Brit. Msd. Jour*.. 1906, vol. ii. p. 483; Arkwright* 
/«pn». ffmiwt, vol. vii, 1907, p. 146. 
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The Characters of the Chief Gram-negative Cocci ( Gordon ) 


•I Growth on | Growth on ! 

Onnim or bo arcs. I nutrom n*citlc . gelntiu Bt Pathogenicity.' 

I agar at »7" 0. j SC C. 


■ ! ]'! 


If. eatarrhalU. Natal 
and pharyngeal dis¬ 
charge 


Opaque, j Positive'grow* Mice and 
granular i on ordinary guinea'pig* hy 
agar at ■17-' ('.) intra pemoneal 
j iniK'iilatiim 


0 0 ! 


If, imlrartHu/arii 
meningococcus). 
Cerebro-aptnal menln- 
gUik 


If. yoaerrlw fgono¬ 
coccus). Urethral 
discharge 

Prom nasal discharge 
(mm Hertford case 
of influensa-like epi¬ 
demic (see “ Infhi- 
en» “i 

n . 

Prom urethra . 


If. adilrwit. Malta 
fever 


Clear, smooth Negativo 


No growth 
unless blood 
added 

Clear, sm<s>th, 
later lie comes 
yellowish 


Oianpie, granu¬ 
lar 

()|ati|ue, some¬ 
what granular, 
smooth edges 
Creamy and 
slightly 
yellowish 


Negative 


only 

In soiiiu rases: 

ndee and 
guinea-pigs hy 
intra-|H<ritoneal 
iniM'ulation 
only 
Ik 


Negative at I Mice and 
first, ismillve | guinea pigs by 
later (grow s on 'inint-poruom-al 
onlinu'v agar ] inis'ulntiou 
at .17 C. i ] 

Negative | Ik. 


Monkevs. Also 
rabbits and 
guinea pigs by 
iiilra-ccreliral 
iuueulatlou 


+ = acid. 


- = alkali. 


0 a no action. 


(diameter 1 p), in pairs, or in fours, and are enclosed within 
a capsule. It stains with the ordinary aniliu dyes and also by 
Gram’s method. On gelatin it develops slowly, with the 
formation of a thick, white, shining growth without lique¬ 
faction. On agar the growth has much the same characters, 
and on potato is white and viscous. Inoculated into animals, 
particularly mice, a local abscess may form, but usually it 
produces a fatal general infection, and the organism is found 
in the blood and organs. 

Jt few cases of general infection in man have lg?en described. 
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Sarcina ventriculi. 

Au organism occurring in the contents of the stomach, 
especially in cases of dilated stomach. Originally described 
by Goodsir in 1842. 

It occurs as a large ovoid cell, several of which are grouped 
together quadrilaterally so os to form more or less cubical 
masses, the so-called “ woolpacks.” According to Falkenheim, 
it forms on gelatin in thirty-six to forty-eight hours roundish, 
prominent colonies of a yellowish colour, and in neutral hay 
infusion a brownish film and flocculi. It produces an acid 
reaction. 

Other sarcinee also occur in the stomach. 

Clinical examination. —1. The organism can be detected in 
the vomit, etc., most readily by examination in the fresh state, 
a little of the material being placed on a slide, diluted with 
water if necessary, irrigated or not with iodine solution, 
covered with u cover-glass, and examined. 

2 Cover-glass preparations may be stained with weak 
carbol fuchsiu, or by Oram’s method. 

Other Organisms met with in Suppurative and 
Septic Conditions.’ 

Many other organisms may be met with in various suppura¬ 
tive and septic processes, e. g.: 

a. The B. eoli in cystitis and pyelitis, ischio-rectal abscess, 
peritonitis associated with perforation and intestinal ob¬ 
struction, and puerperal fever (see Chapter X). 

b. The Diplococcus pneumonias in abscesses, empyema, 
arthritis, meningitis, pericarditis, peritonitis, etc. (eee Chapter 
XII). 

e. The B. typhosus in nbscesses, cholecystitis, empyema, and 
osteomyelitis (see Chapter X). 

d. The B. cedematis and B. Welchii in foul, gangrenous 
wounds (see Chapter XIII). 

s. The B. tuberculosis and B. mallei (see Chapter IX). 

The actinomyces and streptothrix forms (see Chapter XV). 
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Coley’s Fluid 

g Blastomycetes, Sporotrichon (see Chapter XVI) and 
Hyphomyeetes (see Chapter XVII). 

h. The Anueba coli (see Chapter XVIII). 

». Capsulatijd bacilli (see note, p. 271). 

Coley’s Fluid. 

This preparation consists of the toxins of the streptococcus 
of erysipelas and the B. prodig ion us. It was devised by 
W. B. Coley, of New York, as a cure for inoperable malignant 
tumours, particularly sarcoma. The treatment is based on 
the undoubted fact that malignant growths may decrease or 
even disappear completely after an attack of erysipelas 
(p. 244). Originally prepared by growing a virulent strepto¬ 
coccus obtained from a fatal case of erysipelas in bouillon for 
about ten days; the culture is then inoculated with the B. 
prodigionus and the two are allowed to grow together for 
another week or ten days. The culture is finally heated to 
from 58° to 60° C. for one hour, and a piece of thymol added 
to preserve it The fluid is now prepared by growing the 
organisms separately and then mixing the two sterilised 

cultures in projier proportions. 

The fluid is injected subcutaneously in the vicinity of the 
tumour. The primary dose recommended is { minim of the 
fluid. The dose is gradually increased each day until there is 
a temperature reaction of 103° to 104 If. 

Full particulars will Ik- found in Coley's paper (Pror. Roy. 
Soc. Med., vol. iii, 1909 10, Surg. Sect., p. 1). 
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CHAPTER VIL 


ANTHRAX. 


Anthrax is essentially a disease of cattlo known as 
iplenio fever, and though occurring in England only 
sporadically, or in small outbreaks, in Borne parts of the 
world it assumes serious proportions—as in Siberia, 
whore it has been termed the Siberian plague. In 
France also at one time it ravaged the sheep to such an 
extent as to threaten them with extinction. Man is 
also occasionally attacked. 

Anthrax was the first disease to be definitely asso¬ 
ciated with a specific micro-parasite, for the organism, 
was observed as glassy homogeneous rods and filaments 
in the blood of infected animal so long ago as 1849 by 
Pollender and 1850 by Davaine, and the latter also 
claimed in 1863 to have demonstrated by inoculation 
experiments the cauBal relation of the organism to the 
disease. Davaine’s experiments were made by inocu¬ 
lating an animal directly with the blood from an'infected 
animal, and were, therefore, hardly conclusive, as they 
did not comply- with the . second and third of Koch’s 
postulates, which declare that the micro-organism must 
pe. cultivated outside the body, and the ’ cultivated 
$rgl£.ism must produce the disease on inoculation^ and 
■’ ion was raised that infection was due, potto. 
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produced results the same as had previously been 
obtained by inoculation with the blood of an infected 
animal. 

Morphology.—The Bacillus anthracis is a rod-shaped 
organism varying slightly in size in different animals 
and under cultivation ; in the blood it measures from 5 
to 20 ft in length and 1 to T25 ft breadth (Plate IV., 
a), but in cultures long filaments develop. Examined 
in the fresh and living condition in a hanging-drop 
preparation, these rods and filaments appear homo¬ 
geneous or slightly granular; in stained preparations, 
however, they are seen to be made up of a series of 
segments with unstained interspaces, each segment 
measuring about 4 to 5 ft in length, and the ends of the 
segments appear cut off square, provided care has been 
taken not to overheat in fixing and to stain with an 
aqueous solution. In the blood the filaments never 
exceed about five or six segments in length, except 
perhaps in swine, in which animals they may be some¬ 
what longer. In cultures, however, the filaments may be 
of almost unlimited length, and lie parallel to one another 
or in more or less tangled masses. In the animal body 
during life, and for some hours after death, spores never 
occur; but in cultures more than a day or so old, and 
from which oxygen has not been excluded, they are 
always present, almost every segment containing one. 
The spores are ellipsoidal, measuring about 1 ft by 1’25 ft, 
and are centrally placed in each segment, the long axis 
corresponding with the long axis of the segment. 

Cultural reqptions .—The anthrax bacillus is aerobic 
and facultatively anaerobic; it is lion-motile, ami stains 
well with the ordinary anilin dyes, and especially so by 
Gram's method. It grows readily on all culture media 
at from 20° to 37° C., the latter being the optimum. 
Development ceases at temperatures below about 15 
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and above 45° C. Small, cream-coloured, granular 
colonies develop in a gelatin plate in about thirty hours, 
and in two to three days appear as small, roundish, 
cream-coloured pasty masses in little piter in the gelatin, 
due to its liquefaction. Microscopically the colonies 
are somewhat characteristic ; each consists of a mass 



Fro. 86.—Anthrax. Gelatin stab-enltnre. Seven days old. 


of wavy, tangled filaments like a tiny wad of cotton¬ 
wool. In gelatin streak-cultures development is slow, 
and in four or fivo days a creamy, pasty growth forms 
in a trough of liquefaction. In a gelatin stab-culture 
(preferably 5 per cent, gelatin) lateral branches spread 
from the central growth, longer in the upper layers, 
shorter below, so that at the end of a week the culture 
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is like an inverted fir tree (Fig. 36), and the gelatin 
becomes gradually liquefied from above downwards. 
The colonies on an ngar plate develop in twenty hours 
at 37° C. as cream-coloured points, which microscopically 
consist of little masses of wavy, tangled filaments (Plate 
V., a and /»). On an agar surface culture at 37° C. 
there is a copious development in eighteen hours of a 
thick, cream-coloured, slimy growth, which at this early 
stage has a finely granular, ground-glass appearance. 
On blood-sernm a thick creamy layer forms, with slow 
liquefaction of the medium. On potato the organism 
grows freely as a dry greyish layer, with an abundant 
formation of spores. In broth it forms a somewhat 
scanty flocculent deposit, the broth remaining clear and 
giving the indole reaction. 

In old cultures various involution forms are met 
with; the rods lose their regular shape and become 
swollen, producing the so-called torula forms, while 
the homogeneous appearance of the protoplasm changes 
and becomes granular. Spores arc found in all culture 
media when there has been free access of oxygen, as in 
surface cultures on potato and ngar; but in a deep 
broth culture, where the supply is limited, spore-forma- 
tion is absent or very scanty. Spores are never met 
with in the living animal ; they only appear some hours 
after death, or when matter containing the bacilli comes 
in contact with air, as in the bloody discharge from the 
nostrils. It'has therefore been supposed that oxygen 
is necessary for spore-formation to take place, but this 
does not seem to be the whole explanation, for spores 
form in an atmosphere of nitrogen, though they do not 
do so in one of hydrogen. The life-history of the 
organism and the development of spores can bo well 
watched in a hanging-drop specimen prepared by inocu¬ 
lating a droplet of broth with the blood of an infected 
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The preparation oan be observed on a warm 
tS^fi or examined at stated times, .being kept in the 
intervals m the blood-heat incnl»tor. At the end of 
twenty-four hoars the short filaments, which alone are 
present in the blood, will have groWn so long that they 
stretch across the field, while the protoplasm has become 
granular, and minute shining points are visible here 
end there. In another twenty-four hours the filaments 
.'extend, the protoplasm becomes still more granular, 
and.the shining spots are now well-marked ovoid, highly 
refractile bodies—the mature spores. In old .cultures 
• the rods and filaments almost disappear, numbers of 
spores alone remaining. These spores, when placed 
under favourable conditions of moisture, warmth, and 
nutriment, Again produce rods and filaments; a little 
' bod appears at the extremity of the long diameter, 
wbieh grows in length and ultimately becomes a mature 
rod,,often with the empty spore capsule embracing one 
ehdk Sporeless varieties of the anthrax bacillns have 
been obtained by cultivating under unfavourable con¬ 
ditions, as at a high temperatnre (44° C.) or in the 
<||re8ence of minute , quantities of antiseptics (1: 1000 
opjfbolic acid). The spores are of considerable practical 
importance, for they are highly resistant forms, requiring 
at least some minutes 1 boiling and three hours in dry nir 
at 140° C. for their destruction, whereas the bacilli with- 
^ttt Spores are destroyed in ten minutes in the moist 
boqdition by a temperature of 54° C. The sameresiat- 
a*K»occurs towards aafcirtaHswXU 

iWhtos 1 per cent, carbolic acid and 1:10,000 corrosive - 
; »l?liKihafce solutions - quickly destroy bacilli without 
iporei^it requires at least 5 per oebl. carboliC acid,, 
not lets:than twenty-four hours, and l'iMoO. 
>Mh«atB solutfons acting .frrstot 
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the resistance of the spores increases with their age ; the 
youngest spores may be killed by 5 per cent, carbolic 
in a few hours, but fourteen to twenty-eight days old 
spores will resift 10 per cent, carbolic, cyllin, kerol, etc., 
for days. Anthrax spores retain their vitality and 
pathogenic power unimpaired for years in a dried 
condition. 

Pathogenicity .—The anthrax bacillus is pathogenic for 
man, cattle, sheep, goats, rabbits, guinea-pigs, and mice. 
The horse and the pig are also susceptible; but adult 
white rats, dogs, cats, and Algerian sheep are immune. 

Young white rats, or rats fatigued by muscular work, 
can be infected, and frogs and fish, though immune 
under ordinary conditions, can be rendered susceptible 
by raising the temperature of their environment. Birds, 
such as fowls and pigeons, are also almost insusceptible, 
but may be rendered susceptible by lowering their tem¬ 
perature ; smaller birds, such as sparrows, are more 
susceptible. The virulence varies considerably and may 
be artificially modified in many ways: by passing through 
a series of susceptible animals it is heightened, by 
growing in the body of an insusceptible animal it is 
lowered, and the latter result is also obtained by culti¬ 
vating for two or three weeks at a temperature of 42 
to 45° C., or by the addition of certain chemical 
substances to the culture medium—for example, 0 01 
per cent, of potassium bichromate. These methods of 
“attenuation,” as it is termed, are practically applied in 
the preparation of the anthrax vaccine. 

Symptoms of the disease in cattle are not very marked. 
A beast may appear a little out of sorts and the next 
day be found dead, or after suffering for a day or two 
with general malaise, fever, and rigors, and with a 
sanguineous discharge from the nostrils and bowel, it 
dies suddenly. Post mortem, the chief feature that 
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attracts attention is enlargement of the spleen; the 
organ maj be two or three times larger than normal, is 
highly congested, and very soft and friable. Micro¬ 
scopically, the bacillus is found in enormous numbers 
in the spleen, somewhat less numerously in the blood, 
and still less so in the liver, kidney, and other organs. 

Swine do not often suffer from this disease, unless 
fed with the offal of an infected animal, in which case 
the chief clinical sign is great enlargement about the 
throat; this is almost pathognomonic, while the chains 
of bacilli tend to be somewhat longer than in other 
animals. 

Mice inoculated subcutaneously usually die in about 
twenty-four hours, and enlargement and congestion of 
the spleen are very noticeable. An infected guinea-pig 
dies in from thirty-six to forty-eight hours and usually 
shows no symptoms until the last, when it may suffer 
from rigors, with high temperature, convulsions, and 
staring coat. Post mortem, the muscular tissue is found 
to be pale and (edematous, the spleen is enlarged to 
two or three times its normal size and is highly con¬ 
gested and very soft, and minute lnumorrliages may 
occur in the serous membranes. Microscopically, bacilli 
are found throughout the spleen, and are often so 
numerous that in a stained preparation there appear to 
be more bacilli than tissue. Large numbers are also 
present in the blood nud lungs, fewer in the liver and 
kidney; in the latter orgnu they are almost confined to 
the glomeruli (Plate IV., b). Immediately after death, 
however, comparatively few bacilli may be met with in 
the blood, the heart, and great vessels. 

The spread of the disease in nnture seems to result 
from the ingestion of spores while the animals are feeding. 
Although the bacilli without spores would be destroyed 
by the acid gastric juice, this is not the case with the 
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spores, which are probably generally developed from 
the organisms present in the bloody discharges of a 
stricken animal, and are distributed by wind and flood, 
and in this Why may infect large tracts of pasture. 
Pasteur suggested that earthworms might bring tho 
spores to the surface in their casts from the buried 
carcases of infected animals, but some experiments by 
Koch negatived this. The non-sporing bacilli rapidly 
degenerate and die in a buried carcase. 

Man seems to be relatively insusceptible to antlimx. 
The disease is generally met with among butchers, 
veterinary surgeons, shepherds, etc., and among those 
who sort wool or hair or work with, or carry, hides, e. g. 
glove-makers, tanners, porters, etc. Tin* disease occurs 
in two forms: the so-called "malignant pustule,” a cuta¬ 
neous infection, not unlike an angry carbuncle, occur¬ 
ring at the seat of inoculation, on exposed parts of the 
body, such as the back of the neck, the face, wrists, 
and hands ; and “ wool-sorters’ disease,” a general infec¬ 
tion, severe and fortunately rare, through the Kings or 
stomach. Hag-sorters are likowise sometimes attacked 
by anthrax but there is also a distinct “ rag-sorters* 
disease ” which is stated to be due to a noil-motile, 
non-sporing, non-liquefying, capsulated bacillus, the 
Proteus cnpsulatus homini* 1 of Bordoni Uffreduz/.i. 

Under the Factories and Workshops Act, 1895, all 
cases of anthrax contracted in connection with various 
industries have now to be reported to the Home Office. 

1 Capsulated bacilli have been met with in many septic processes. 
This group includes FricdUnder’s pneumo-bacillus, P. eaptulatut 
komisii, B. mucosa* riptulalui of Frickc, and the U. r<di immobilii. 
They are met with in conditions associated with sepsis, pus produc¬ 
tion. broncho-pneumonia, ulcerating stomatitis, etc. They are 
shortish, non-motile, non-sporing rods, usually Oram-negative, easily 
cultivated and not liquefying gelatin, and in the tissues surrounded 
with a capsule. 
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In 1909, 56 cases, in 1910, 51 cases were thus reported, 
with mortalities of 21 - 5 and 17'6 per cent, respectively. 
In addition, in 1910 there were 31 other cases in 
England and Wales. Industrial an tli raft has also keen 
exhaustively dealt with by Legge. 1 It is particularly 
Persian wool, Chinese hides, and Russian hair which 
are dangerous, while Argentine, Australian, and New 
Zealand wools are almost innocuous. Tho sorting and 
exclusion of wool derived from infected animals seein 
to be impracticable, and the efficient sterilisation of the 
thousands of bales that are imported an impossibility. 
As regards hides and skins, Legge points out that it is 
doubtful if there is any way in which hides to be 
afterwards tanned can be effectively disinfected, and to 
be of real benefit it would have to be done before tho 
material is opened in the warehouse ; but to secure this 
would be impossible. Recently a method introduced 
by Seymour Jones has been favourably reported on 5 ; 
it consists in soaking the skins for twenty-four hours in a 
mixture consisting of 1 per cent, formic acid and 1 in 5000 
mercuric chloride. After this treatment the skins are 
soaked in a strong brine solution. As regards horse¬ 
hair, Webb and Duncan® carried out a number of 
experiments on its disinfection, from which it would 
seem that, leaving out of consideration white or grey 
hair, which is liable to change colour, no injurious 
effect is produced on hair by steam disinfection 
provided the temperature does not exceed 218° F. ; 
but this is a comparatively low temperature for efficient 
disinfection, and success can then be obtained only with 
minute care in the construction and regulation of the 

1 Bril. Med. Jour*., 1005, vol. i, pp. 520, 580, and 841. 

1 Ponder, Report to the Worehip/ul Company of Leathereellere, 1011. 

* Ann. Rep. of Chief Jnepeclor of Fatlories, 1000, p. 472, and 1002, 
p. 278. 
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apparatus. Legge concludes tlmt to secure certain 
destruction of ajl anthrax spores in horsehair absolute 
reliance cannot be placed on either steam disinfection 
(within the limits in which it can be applied) or simple 
boiling. Adoption of one or the other is a very 
material safeguard, but risk must always be run by 
those who prepare the hair for disinfection. Disinfec¬ 
tion is now being attempted by subjecting the material 
to the action of certain disinfectants, but from experi¬ 
ments by Hall and the writer, Seymour Jones, the 
method seems the only one efficient. 

A number of cases of anthrax, resulting in many 
deaths, have been reported in various parts of the 
United States from tanneries dealing with hides 
imported from China. Also a number of cattle have 
been infected as the result of drinking water from rivers 
and creeks receiving the waste litpmrs from these works. 

Houston 1 detected the anthrax bacillus in a catch-pit 
in a hide factory at Yeovil, and in sewage and effluents 
and in tho mud of the Yeo. It has also been met 
with in linseed cake and oats. 

Toxins .—From pure cultures of the Bacillus autliracis 
Hoffa obtained small quantities of a ptominc, which pro¬ 
duced fall of temperature and luemorrhages, and 
Hankin isolated a proteose which in largo amounts was 
fatal, but in small amounts conferred immunity to 
subsequent inoculation with living bacilli. Bricger 
and Friinkel obtained a tox-albumin from animals dead 
of anthrax. Marmier, 2 by growing the anthrax bacillus 
in a solution of peptone, glycerin, and salts, and 
subsequently precipitating with ammonium sulphate, 
obtained a toxin which he states is neither protein nor 
basic, and is contained within the bacterial cells. 

* Second Hep. Commit, on Sewayc Ditpotul, 1002, p. 31. 

* Ann. ite I’Intt. Fatieur, ix, 1805, p. 533. 
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Sidney Martin, 1 by growing the anthrax bacillus in 
alkali albumen for ten days, obtained from the culture 
albumoses and an alkaloidal substance. From the 
bodies of animals which had died of the* disease, chiefly 
from the spleen and blood, he obtained similar sub¬ 
stances, the amount of alkaloid being more than double 
that of albumose. The mixed products produced fever 
in animals followed by coma and death. The albumose 
was proved to be the fever, and the alkaloid the coma, 
producer; the latter also caused a spreading oedema at 
the seat of inoculation. 

Anti-serum .—An anti-serum for anthrax was pre¬ 
pared by Marclioux by immunising sheep by vaccination 
and then inoculating with progressively increasing doses 
of virulent anthrax cultures. Sclavo has prepared an 
anti-serum by first immunising asses with a vaccine 
and then inoculating them with increasing doses of 
virulent cultures over a prolonged period. This serum 
has been used successfully in many cases of anthrax in 
man. 

Vaccine .—An attenuated virus has been extensively 
employed for the prophylactic vaccination of cattle and 
sheep. Cultures are attenuated by growing at 42°-43° C. 
(Pasteur, Chamberland, and Boux). A weak vaccine 
is first injected, followed after ten to twelve days by an 
injection of a stronger vaccine. The mortality as a 
result of the vaccination is small and the animals are 
subsequently protected for some months against the 
virulent disease. Sobernheim has applied a combined 
method, 5—15 c.c. of anti-antlirax serum being inocu¬ 
lated on one side of the animal, and the vaccine on the 
other. This practically eliminates all danger from the 
vaccine. 

1 Brit. Med. Joun 1802, vol. i, p. Ml. 
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Clinical Examination. 

(1) J» veteriipry practice. —If an animal is suspected to 
have died from splenic fever, an extensive post-mortem is in¬ 
advisable because of the risk of distribution of material contain¬ 
ing bacilli with subsequent development and dissemination of 
spores, with infection of pasture, etc. The abdomen should be 
opened and the spleen examined. If this is found to lie much 
enlarged, and so soft that it can hardly l>e bundled without 
rupture, there is a high probability of splenic fever, which the 
history of sudden death, with or without symptoms, coupled 
with a sanguineous discharge, increases. To confirm the 
diagnosis, some smear preparations should be inode from the 
spleen and blood, and can lie stained and examined on arriving 
home. If slides or cover-glasses are not available, the ear or 
a small piece of the spleen may lie removed and taken home, 
where the specimen may lie examined. When material is sent 
from a distance for examination the ear should lie forwarded. 

The smears may lie stained with Loffler's blue and by 
Oram's method with eosin. Methylene-blue staining gives 
the most characteristic appearances, which are numbers of 
large bacilli forming chains of five or six segments with a pale 
halo round them resembling a capsule, and if the post-mortem 
has been made shortly after death no spores are visible. 
Unless the material be quite fresh large saprophytic bacteria 
somewhat resembling anthrax are always present and must not 
be mistaken for that organism. If a hanging-drop preparation 
can be made, a characteristic is the non-motility of the liacilli. 

The stained preparations can be kept and produced in a 
court of law if necessary. Cultivations can also lie made from 
the spleen, but the necessary culture media are not of course 
usually forthcoming. Finally, a guinea-pig or mouse may lie 
inoculated subcutaneously in the abdomen with a particle of 
the spleen, and after death examined microscopically and by 
culture methods. 

As regards the disposal of the carcase of an animal dead 
from anthrax, this should be burned if possible, but, failing 
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this, it may be buried in a deep pit, preferably with plenty of 
lime. All traces of blood and discharge must be carefully 
mopped up with a strong lime-wash or solution of chloride of 
lime, or other reliable disinfectant. 

(2) In man .—In malignant pustule, smear specimens should 
be prepared from the fluid of the vesicles or with the scrapings 
from the incised pustule, or sections of the excised pustule 
may be made, and stained, some with Lbfller’s blue, others 
by Gram's method with eosin. The bacilli are not often met 
with in the blood, except shortly before death. At the same 
time cultivations on agar and gelatin should be prepared, and 
may yield positive results when the microscopical examination 
has been negative. In the later stages of the disease the 
bacilli may be difficult to find, even in sections. 

In all cases of doubt, a guinea-pig or mouse should be 
inoculated subcutaneously with the material, and if the animal 
dies the diagnosis of anthrax may be confirmed by the 
characteristic appearances, by a microscopical examination, 
and by cultivation. The animal experiment is bv far the most 
certain method of diagnosis, a negative result being nearly as 
valuable as a positive one. 

N.B. — It must be noted that, both cultivation and inocula¬ 
tion experiments may fail to give positive results if the 
material be old or putrid. 
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CHAPTER VIIr. 

Ull’HTlIKHIA.* 

Diphtheria in England—The Diphtheria Bari 11 us--Thu I’mnulo- 
Diphtheria Bacillus—Clinical Diagnosis—The Xerosis Bacillus— 
Diphtheritic Affections of Birds and Animals. 

Diphtheria seems to have been known from thccarliest 
ages, being recognised by the classical (medical) writers, 
and it was epidemic in England and on the Continent 
during tlie Middle Ages. Ere tonneau a experienced an 
outbreak at Tours, 1818-1821, and gave to the disease 
the name “ Dipliterite ” (afterwards changed to " Diph- 
terie ” ) from the formation of membranes which is so 
marked a feature in it. In England the diphtheria deaths 
have only been separately scheduled since 18.'». r i. Since 
1881 until recently there has been a steady increase in 
the prevalence of diphtheria, particularly in the largo 
towns, but latterly the prevalence seems to be decreasing. 

As regards croup, it it universally admitted that the 
vast majority of cases of membranous croup are cases 
of diphtheria. 

Diphtheria is distinctly a disease of the young, espe¬ 
cially at the ages from two to ten, and this holds good 
both for London and for England and Wales. 

That diphtheria is an infective disease is amply 

1 See The Batleriology of Diphtheria, Cambridge University Press, 
1906 . 

* See Memoir* on Diphtheria, New 8ydenlis.ni Hoc., 1869. 
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proved by the history of epidemics, and by the recorded 
cases where the disease has been conveyed from one 
individual to another. 

The disease occurs in all grades of severity, from the 
classical ones with wash-leather-like membrane and 
great prostration, to those which present a mild tonsil¬ 
litis or angina. 

The bacteriological study of diphtheria was com¬ 
menced as long ago as 1882 by two German investi¬ 
gators, Klebs and Loftier. Klebs especially investigated 
the pathological histology, and ascribed the disease to 
small rod-shaped organisms, which he observed in the 
membrane. It was reserved for Loftier to place this 
observation of Klebs on a firmer basis by the isolation 
and cultivation of the bacillus from the membrane, and 
by the production of certain phases of the disease by 
inoculation with the isolated organism. The cause of 
diphtheria is, therefore, this diphtheria bacillus, which, 
from its discoverers, is frequently known as the Klebs- 
LofHer bacillus. 

The isolation of the specific organism was by no means 
an easy matter, as a number of other species of bacteria 
is frequently associated with it in the membrane, but 
was accomplished by Lb flier by the use of a special 
culture medium now known as LofHer’s blood-serum, 
which consists of a mixture of blood-serum (ox serum 
was that originally used) 8 parts and glucose bouillon 
1 part, the whole being coagulated (see p. 61). On 
this medium the diphtheria bacillus grows and multiplies 
exceedingly well, while the other organisms associated 
with it in the membrane are to a large extent inhibited 
in their growth. By rubbing a small piece of membrane 
from a case of diphtheria over the surface of two or three 
tubes, or of a plate of LofHer’s serum, and incubating at 
87° C. for twenty to twenty-four hours, colonies of the 
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diphtheria bacillus will be found more or less isolated 
according to the number of organisms present in the 
membrane, and by subculturing from theso pure cultures 
may be obtained. 

Characters of the Diphtheria Bacillus. 

Morphology .—The B. diphtheria? is a small, delicate 
bacillus, with rounded ends, measuring 3 p or 4 /t in 
len gth. It is non-motiie, does not form spores, and is 
aerobic and facultatively anaerobic. The size varies 
somewhat even on the same medium, ami three 
varieties of the bacillus have been described, viz. long, 
medium, and short, according to the length. These 
varieties tend to bo constant nnd to breed true. 
Some of the rods both in cultures nnd in the membrane 
have a swollen end, the so-called clubbing, and 
parallel grouping, both in the membrane and in 
cultures, is almost universal, the bacilli lying parallel 
side by side (Plate VI., a). This parallel arrangement 
arises from the peculiar mode of division of the bacillus. 
If a cell be observed upon a warm stage it first 
elongates, then becomes constricted at about its middle, 
and then suddenly one side of the cell-membrano seems 
to rupture and one half of the cell bends over to the 
other, so that the two halves form a V. This mode of 
division, occurring in contiguous cells and being 
repeated, and the cells thus becoming more and more 
crowded together, leads to the arrangement in parallel 
series. The bacilli are generally joined end to end in 
pairs, and distinct thread and branching forms, though 
of rare occurrence, may be met with. On different 
media the same strain exhibits considerable variation 
in size. On blood-serum and on gelatin the bacilli are 
of medium length and on the whole fairly regular in 



280 


Manual of Bacteriology 

shape; in broth they tend to be,short and stunted; 
while on agar, especially glycerine agar, they are much 
larger than on the former media, and long club-shaped, 
spindle-shaped and barred or segmented involution 
forms are abundant; on blood-serum club-shaped involu¬ 
tion forms also occur, but sparsely in a young, eighteen to 
twenty hours’ culture, in a forty-eight hours’ culture 
more numerously. 

Staining reactions .—The B. diphtheria stains. JfffilL 
with.,the ordinary anilin dyes and is Gram-positive. 
With Ldffler’s methylene blue the coloration is usually 
somewhat irregular, more deeply stained portions alter¬ 
nating with paler intervals, the so-called s egmentati on, 
and especially marked with agar cultures. The ends 
of the organisms are also frequently deeply stained, the 
so-called pj^laotaining* while the phenomenon known as 
“ mefcn.ftljrqpm.tism ” is often marked both at the poles 
and also in the rod, appearing as granules of a purplish 
tint and contrasting with the blue of the methylene 
blue. With Neisser’s stain (p. 308) deep inky coloured 
dots, appearing somewhat larger in diameter than the 
rods, occur at the poles of the organism and occasionally 
at the centre. 

Cultural reactions .—The diphtheria bacillus is an 
njicohio and also a f»^»nlfcn.fcivftly anaerobic organism, and 
gcpjga well, onall the ordinary culture media, forming 
..cream-coloured growths or colonies, the latter on serum 
tending to be somewhat flattened, with regular margins. 
It grows slowly on gelatin, forming a raised whitish 
growth without liquefaction of the medium, and 
. flourishes in milk, with the production of an acid 
reaotion, but without curdling. In broth some strains 
give a granular growth on the sides and at the bottom 
of the tpbe, the broth remaining clear, sometimes with 
» tl)in surface pellicle; other strains may render the 




The KU'liH-Lnffler or diphtheria baeillua. Cover-glass preparation 
of a serum culture. x l.VXl. 


I'. Section of diphtheritic membrane with Klehn-I<fiffler bacilli. 
Gram and oomn, » 750, 
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broth turbid throughout. On potato the growth is 
slight and invisible. 

The indole reaction can be obtained in peptone-water 
cultures either* with or without a nitrite, but the writer 
has shown that this reaction is due, not to indole, but 
to skatolecarboxylic acid (see below, p. HOI). 

The diphtheria bacillus attacks glucose and lactose 
with the formation of acid only, no gas (seo Table, p. 
306). As regards the production of acid, Neisser 
found that during the first nine hours there is little or 
none; at the end of twenty-four hours a considerable 
quantity has been formed, and the amount increases 
until the end of the second day, after which the 
production ceases. 

The JB. diphtheria: is agglutinated l»y the serum of 
patients and by a diphtheria serum, but the test is 
difficult to apply on account of tho coherence of the 
growth, is somewhat erratic with different strains, and 
is of no practical value in the diagnosis of the disease. 
For the same reasons, the agglutination reaction is of 
little use for the recognition of the organism and for 
distinguishing it from the so-called “ pseudo-diphtheria ” 
bacilli. 

The Klebs-Lbfher bacillus retains its vitality in cultures 
for a month, and when dried for three or four weeks. 
According to Welch and Abbot', it is destroyed in ten 
minutes by a temperature of ‘>H° C. It is readily 
destroyed by antiseptics when in culture, but in the 
membrane it is difficult to find an agent which will 
penetrate and kill the bacilli beneath the surface. 

. The diphtheria bacillus and its characters under 
cultivation have been described somewhat fully, because 
of the importance of the identification of the organism 
as a means of clinical diagnosis. As mentioned at 
the commencement of this chapter, the clinical dia- 
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gnosis of diphtheria presents many difficulties, and 
considerable assistance may be derived from a bacterio¬ 
logical examination. The diagnosis is based on the 
presence or absence of the Klebs-Loffler bacillus, 
either in smears, or in cultivations, made from the 
membrane or secretion (see p. 306). This method is of 
very real assistance in doubtful, and especially in mild, 
cases, which clinically it may be very difficult to decide 
whether they be diphtheritic or no. The mild cases 
are those which it is of the greatest importance to 
identify, especially in schools, for if not recognised the 
patients may go about and prove a source of infection 
to all around. The method also affords valuable 
evidence as to when a case can be considered free from 
infection; so long as bacilli are present in the throat 
infection must be possible, and the length of time for 
which they may occasionally persist is remarkable. In 
half the cases the bacilli disappear within three days of 
the disappearance of the membrane, in a few cases they 
linger for as long as three weeks, but occasionally they 
persist much longer. The writer isolated them for so 
long as five months (and virulent to the last) ; and a 
case is recorded in which they persisted for no less 
than fifteen months after the attack. In all cases two 
or three examinations should be made at short intervals 
with negative results before the bacilli can be pronounced 
to be absent, and no case should bo discharged from 
hospital until the absence of bacilli has thus been 
proved. When bacilli persist, treatment with anti¬ 
septic sprays or gargles, combined with syringing tho 
nose, may be tried. Syringing the nose is important, 
for the bacilli probably extend to the post-nasal space, 
where they are untouched by a throat spray or gargle. 
Another mode of treatment lias also been adopted. A 
polyvalent anti-microbtc agglutinating anti-diphtheria 
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serum has been prepared, dried, and compressed into 
tablets, one of which is dissolved in the mouth every 
two hours, and fifteen minutes after solution the naso¬ 
pharynx is flushed with physiological salt solution. 
While this treatment sometimes succeeds, it often fails. 
The writer has tried the use of subcutaneous inocula¬ 
tions of diphtheria endotoxin (0'2—1 - 0—2‘0 nigrm.) at 
intervals of seven to ten days. About half the cases 
seem to clear after one to three injections. 

With regard to the value to be attached to the 
bacteriological examination for diphtheria, while the 
finding of the bacilli is proof positive of tin* diphtheritic 
nature of the affection and its infective nature, their 
apparent absence is not of so much value, as various 
circumstances modify the result. For example, an 
unskilled person may not happen to touch the right 
spot with the swab, or from struggling, etc , on the part 
of the patient even a skilled operator may fail to reach 
any but a small portion of the mucous membrane, 
instead of obtaining a good mop from nil over, 
especially when there are no definite patches of 
membrane. The use of antiseptic gargles or paints 
shortly before the swabbing is taken will likewise 
prevent the growth of the bacilli. It sometimes 
happens that a very mixed growth is obtained in the 
cultures, and in such cases the Klebs-lsiffler bacillus 
may be missed. Hearing such sources of fallncy in 
mind, and mnking due allowances for them, the 
negative result of a bacteriological examination, may 
have considerable value in those cases which clinically 
are doubtful. In no case where there is a reasonable 
suspicion of diphtheria should treatment with antitoxin 
be delayed until the bacteriological report is obtained. 

The bacilli from the throat are frequently associated 
with other organisms, especially micrococci and torulw; 
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and those cases in which the temperature tends to be 
high and the throat fetid are usually a mixed infection 
of diphtheria bacilli with the Streptococcus pyogenes or 
Micrococcus pyogenes, var. aureus. The 'fact of such 
mixed infection cannot, however, bo definitely decided 
from the cultures, as these organisms may be present in 
the mouth or throat without necessarily taking part in 
the infective process. Nor can the severity of the 
disease bo gauged from the characters or numbers of 
the diphtheria bacilli and other organisms present, 
though perhaps in a number of cases those which yield 
practically pure cultures will probably be more severe 
than the cases which yield cultures with few bacilli. 
It has been stated that the long form of the diphtheria 
bacillus is the most, and the short form the least, 
virulent, the medium being intermediate, but this is by 
no means a universal rule. Westbrook 1 has divided all 
forms of the diphtheria bacillus into three groups, 
distinguished by their staining i-eactions with methylene 
blno. Those with deeply staining granules he calls 
“ granular forms,” those with transverse bands “ barred 
forms,” and those staining evenly “ solid forms ” Each 
group is further divided into seven types according to 
shape and size, the types being designated by the letters 
A to (J and being progressively smaller from A to G. 

It is sometimes stated that a microscopical examina¬ 
tion, unless controlled by inoculation of the isolated 
bacteria, is unreliable. Such a statement is extremely 
misleading. If the bacilli which have been cultivated 
from a suspicious throat possess all the characters of 
diphtheria bacilli, inoculation experiments are not 
needed, and if they were performed with a negative 
* result (t.e. the bacteria are not virulent) would prove 
little, for the bacilli from different parts of a culture 
Rep. Minnetota Stale Board of Health, 1899-1900. 
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from a throat often possess different degrees of virulence. 
Occasionally, it is true, even the expert may lio in 
doubt about a particular bacillus, but such eases are 
the exception. Here an inoculation experiment may 
help, but would be of no value if a negative result were 
obtained. It is absolutely essential in the microscopical 
examination for diphtheria to use a good lens, proper 
illumination, and sufficient amplification, not less than 
800—1000 diameters. 

Pathogenicity .—The diphtheria bacillus is pathogcnic 
for man, the horse, ox, rabbit, guinea-pig, cat, chicken, 
pigeon, and finches, all of which are more or less 
susceptible, while mice and rats are immune. In man 
the respiratory tract is usually affected, though the 
conjunctiva and other mucous membranes, as of the 
vagina and stomach, and wounds may be attacked. A 
pseudo-membrane usually forms, consisting of lamina) 
of fibrin entangling a few leucocytes and other cells, 
and hero and there small effusions of blood, together 
with .coagulative necrosis of the underlying mucous 
membrane, and the bacilli are for the most part located 
in the superficial layers of this pseudo-membrane (I Mate 
VI., h), though in all cases in which the disease has 
lasted for any time they are found in the lungs, spleen, 
and kidneys, and may occur even in the blood. If the 
patient recovers from the diphtheritic attack, paralytic 
sequolao are not uncommon and are due t«» a peripheral 
neuritis, l’seudo-meinbranes may be formed by other 
organisms, r. g. by the streptococus and pneumococcus 
also by the pneumobacillus, and occur in Vincent’s 
angina (p. 311), but it is doubtful whether paralytic 
sequela; follow any but a diphtheritic infection. 

Some remarkable skin affections of an eczematous 
or ichthyomatous nature have been found by Hare 1 and 
others to be due to the diphtheria bacillus. 

* Lancet, 1908, vol. i, p. 282. 
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Another affection which seems to be generally 
diphtheritic is membranous rhinitis. Whereas true 
nasal diphtheria is a serious condition, membranous 
rhinitis is seldom, if ever, attended with any risk to 
life, sequoias do not occur, and it is rare to obtain a 
history of infection from cases of it. This is extra¬ 
ordinary and very difficult to explain, for virulent 
diphtheria bacilli are abundant in the nose and nasal 
secretion. 

Diphtheroid organs can occasionally be isolated from 
well people and those not known to have been in 
contact with diphtheria cases. The Klebs-Lbffler 
bacillus can be isolated from the throats of nearly 7 per 
cent, of the presumably healthy population 1 ; in the 
throats of contacts the percentage rises to 38 or more. 
Murray and the writer 2 found diphtlieria-like bacilli in 
58 out of 385 children (15 per ceut.) admitted into the 
Victoria Hospital, Chelsea. 

Ford llobertson believes that diphtheroid organisms 
—possibly the Klebs-Loffler bacillus itself—may play 
an important part in the production of general para¬ 
lysis of the insane. His views have not gained general 
acceptance, and Eyre ( loc. cit .) found that the percentage 
incidence of all diplitlioroid organisms and of the Klehs- 
LofHor bacillus in the throats of the insane was not 
greater than in well persons, and was unable to isolate 
the B. diphtheria; post mortem from cases of general 
paralysis. 

Traces of antitoxin can be detected in the blood 
after an attack of diphtheria, usually at the end of the 
first week of convalescence : the antitoxin has probably 
little to do with the actual recovery from the disease (see 

1 See Byre, Brit. Med. Joum., 1006, vol. ii, p. 1104. 

1 Brit. Med. Journ., 1001, vol. i, p. 1474. See also Urahaiu-Suiith, 
Joum. of Hygiene, vol. iii, 1003, p. 210. 
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p. 217). A small amount of antitoxin has also boon 
occasionally found in well people and in untreated horses. 
It has been suggested that in such eases there lias been 
a latent infection with the B. ilijtlilhrrhr, baton Khrlirh’s 
side-cliaiu hypothesis it seems mure likely that, in such 
cases there happens to be an excess of the receptors 
which constitute antitoxin naturally free in the blond. 

Guinea-pigs are the animals generally employed for 
experimental work on diphtheroid organisms. In order 
to compare the effects and virulence of various bacilli 
it is customary to make the inoculation with a measured 
volume of a forty-eight hours’ broth Tuiltnre. From 
0'1 c.c. to 2 c.c. of such a. culture, according to the 
virulence, inoculated subcutaneously, is usually required 
to kill a 250-grm. guinea-pig within three days. At 
the seat of inoculation luemorrhagic tcdcma forms, 
hsemorrhages occur in the serous membranes, and 
especially in the adrenals, while the renal epithelium 
and the liver-cells undergo cloudy degeneration. 

Inoculated into the trachea of the guinea-pig, rabbit, 
and chicken, pseudo-membranes form, ami the same 
occurs with the superficially injured conjunctiva and 
vagina. It is stated by some that the diphtheria 
bacillus does not develop on a normal mucous membrane 
—this must first be injured, and the staphylococcus 
and streptococcus, so often associated with the diphtheria 
bacillus in the human subject, may play a part in pre¬ 
paring the way for infection by damaging the cells and 
tissues. Rabbits usually live somewhat longer than the 
guinea-pig after inoculation and paralysis frequently 
develops if life is prolonged, simulating the post-diph¬ 
theritic paralysis of man. 

The question of the occurrence of the Klcbs-Ixifflcr 
bacillus in the lower animals is of considerable impor¬ 
tance with regard to the spread of the disease and the 
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conveyance of infection. The so-called diphtheritic 
affections of pigeons , poultry , and calves (referred to 
more in detail below, p. 313) are as a rule diseases 
quite distinct from human diphtheria/ and are not 
communicable to man. A number of observers assert, 
however, that cats may suffer from the disease, which 
in these animals runs a chronic course, and is associated 
witli bronchitis, lobular pneumonia, nephritis, and 
wasting. Klein 1 points out that not only are cats liable 
to the disease in houses where diphtheria has occurred, 
but that a similar infectious disease exists naturally 
among cats, and symptoms similar to this natural disease 
may be produced by inoculating healthy cats with the 
Klebs-Liiffler bacillus. The diphtheria bacillus has also 
been isolated from the horse.* 

Several epidemics of diphtheria have been traced to 
an infected milk supply. In somo instances the infection 
has undoubtedly been derived from contamination from 
a human source, but in others this mode of infection 
lias not been demonstrated, and it has been suggested 
that certain eruptive conditions on tlie teats and udder 
of the cow may be caused by the Klebs-Lbffler bacillus 
and the milk become infected therefrom. Klein* made 
experiments with a view of determining this point. He 
inoculated healthy cows in the shoulder with a bouillon 
culture of the diphtheria bacillus. This caused fever 
and local swelling, and in about a week a papular and 
vesicular eruption appeared on the udders and teats. 
The B. diphtherias was isolated from the contents of the 
vesicles and also from the milk on the fifth day, but 
not subsequently. The cows died in two to four weeks, 
and the B. diphtheria} was obtained from the local 

1 Rep. Med. Officer, hoc. Gov. Board tor 1889, p. 162. 

* Cobbett, Centr.f. Bakt., zxviii. No. 19, p. 631. 

1 Rep. Med. Officer Lot. Gov. Board for 1889 and 1890. 
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lesions. Abbott' obtained somewhat different results, 
but Klein 3 points out that these experiments were not 
performed under exactly the same conditions ns his 
own. • 

Klein, Eyre, Dean and Marshall 3 have isolated the 
diphtheria bacillus from milk. It is to he noted that 
diphtheria-like, but lion-pathogenic, bacilli are often to 
be found in milk and cheese (see section on “ Milk ”). 

Toxins. —Diphtheria toxin has not been obtained in 
a state of purity and its exact chemical nature is 
unknown. Loffler first investigated the chemical 
products formed by the diphtheria bacillus, and by 
precipitating bouillon cultures with alcohol obtained a 
white toxic substance which he classed among the 
enzymes. 

Roux and Yersin precipitated the toxin from 
filtered broth cultures by means of absolute alcohol, 
and also by the addition of calcium chloride. They 
found that 0’4 mgrin. was sufficient to kill eight guinea- 
pigs or two rabbits, and considered it to be* an enzyme. 

From the blood and spleen of cases of diphtheria 
Sydney Martin 4 isolated albumoses (chiefly deutero- 
albumose) and an organic acid, but no basic body. 
Injected subcutaneously the albuinoso produces much 
oedema and irregularity of temperature ; in larger doses 
depression of temperature with paralysis and coma. 
Small multiple doses, not sufficient to destroy life, may 
give rise to some fever, and in two or three days to 
paralysis of the hind legs in rabbits, with general 
weakness and loss of weight. Post-mortem, the nerves 
are found to have undergone degeneration—breaking 

1 Journ. Path, and Had., vol. ii, I HIM-, p. 3.7. 

* Ibid., p. 428. 

* Journ. of Hygiene, vol. vii, 11107, p. 32 (Kefs.). 

4 Brit. Med. Journ., 1892, vol. i, p. 041. 


19 



290 


Manual of Bacteriology 

up and disappearance of the myelin and interruption of 
the axis cylinder, while the heart is fatty. The organic 
acid is also a nerve poison, but is not so toxic as the 
albumose. From diphtheritic membrane, extracted 
with a 10 per cent, salt solution, only traces of 
albumose and organic acid were obtained, but the 
extract was highly toxic, producing fever and paralysis. 
Sidney Martin suggests that a substance of the nature 
of a ferment may be present, and that the ferment in 
the membrane on absorption may perhaps form the 
albumose in the body. From cultures of the diphtheria 
bacillus in alkali-albumin, albumose and organic acid, 
with similar actions to those isolated from the body, 
were obtained. 

Brieger and Friinkel (1890) were unable to find any 
basic substance in cultures, and concluded that the 
toxic substance was a protein body, which they 
designated a “ tox-albumin.” It was destroyed by a 
temperature of 60° C. but not by one of 50° C., even in 
the presence of an excess of hydrochloric acid, and 
hence is probably not an enzyme. The tox-albumin is 
non-dialysable, is precipitated by saturation with ammo¬ 
nium sulphate but not with magnesium sulphate, and 
hence is neither a peptone nor a globulin, contains a 
large amount of sulphur, and gives the biuret and 
Millon’s tests. A curious property of this substance is 
that small quantities (2'5 mgrm. per kilogramme of the 
body-weight) do not produce their effects until the 
lapse of weeks. Brieger and Boer in a later research 
prepared the diphtheria tox-albumin by precipitating a 
bouillon culture with a 1 per cent, solution of zinc 
sulphate or chloride. The precipitate of the zinc 
double salt was washed with slightly alkaline water and 
decomposed with a stream of carbonic acid gas. The 
purified tox-albumin gives the xanthoproteic, biuret. 
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and Adamkiewicz's reactions, and the red coloration 
on heating with Millon’s reagent. 

According to Ehrlich the toxin broth is a complex 
mixture of toxic constituents belonging to tho proteins, 
bqt this is denied by Madsen and Arrhenius (see p. 172). 
Its poisonous property gradually diminishes on keeping, 
and is destroyed by boiling in five minutes, at lower 
temperatures more slowly, and also by light. 

Diphtheria antitoxin .—Uy the injection of sub-lethal 
and increasing doses of the toxin into an animal an anti¬ 
toxin is generated. For the preparation of a potent 
antitoxin for therapeutic use the first essential is a 
highly toxic toxin, and for obtaining this a diphtheria 
bacillus of high virulence is required, and but few 
strains possess the necessary virulence. The virulent 
bacillus iagrown iu an alkaline broth (rendered alkaline 
to the extent of about 5‘7 e.e. of normal caustic soda 
solution per litre beyond the neutral point to litmus) in 
Erlenmeyer flasks containing half to one litre for eight 
to twelve days at 37° C. Various small detnilH have to 
be attended to in order to obtain toxin of maximum 
toxicity; it is important that growth should occur upon 
the surface of the broth. The use of meat some days 
old has been advocated, or of acid beef-broth in which 
B. coli has been grown for twenty-four hours, in order 
to eliminate the glucose (p. 27). L. Martin makes uso 
of “ peptone” prepared by the auto-digestion of a pig's 
stomach with dilute hydrochloric acid. The cultures 
are then filtered through a Herkefebl or Pasteur- 
Chainberland filter to remove the bacilli. The filtrate 
is germ-free and very toxic, and a little carladic acid 
may be added to preserve it. In New York 10 per 
cent, of a 5 per cent, solution of carbolic acid is added 
to the culture, the bacilli are allowed to deposit by 
standing for forty-eight hours, and the culture is filtered 
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through paper; in this way filtration through a filter- 
candle is dispensed with. Less than 0 01 c.c. of the 
toxin should kill a 250-grm. guinea-pig in three to 
four days. Selected horses which have been tested 
with mallein and tuberculin, and kept under observation 
for some time to ensure that they are healthy, are then 
inoculated with this filtrate, commencing with a dose of 
O'Ol to 0‘1 c.c., according to the toxicity of the toxin, 
or 20 c.c. of the toxin together with 10,000 units of 
antitoxin may be given for the first three doses. 
Individual horses vary very much in their susceptibility 
to the toxin, so that care has to be exercised with the 
first injections. The injections are given subcutaneously 
over the shoulder, and produced a local swelling and 
some rise of temperature and general disturbance, 
lasting two or threu days. When this has passed away 
the inoculation is repeated, a larger dose being admini¬ 
stered provided the reaction due to the former one was 
not too severe. The treatment is continued for five to 
six months, the dose of toxin administered being 
gradually increased until it may attain 500 c.c. or more. 
Cartwright-Wood found that by growing virulent 
diphtheria bacilli for three or four weeks in ordinary 
peptone broth, with the addition of 10 or 20 per cent, 
of blood-serum or plasma, subjecting the culture to a 
temperature of 65° C. for an hour and filtering before 
injection, much larger initial doses can be given and 
some degree of immunisation attained, and subsequently 
the ordinary broth cultures may be injected in large 
doses. Individual horses vary much in their capacity 
to yield antitoxin: on the whole those that are moderately 
sensitive to the toxin seem to produce most antitoxin ; 
a horse to be of value should after three months’ 
treatment yield an antitoxic serum containing not less 
than 300 units per c.c. The required potency having 
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been attained, as shown by the test described below, 
the horse is bled with nseptie precautions, the blood is 
allowed to coagulate, and the scrum is drawn off and filled 
into sterile botftles each containing a dose of the antitoxic 
serum. A small amount of antiseptic, such as tri- 
kresol, is generally added as a precautionary measure 
to prevent the multiplication of any stray germs that 
may have gained access during the various manipula¬ 
tions. 

Standardisation of antitoxin .—The potency of diph¬ 
theria antitoxin is always described in “ units " and is 
estimated by ascertaining the quantity of antitoxin 
required just to neutralise a certain amount of a 
standardised toxin when both are injected into a 2o0- 
grm. guinea-pig. Formerly, by Itoux’x method, the 
minimal lethal dose of the toxin is first ascertained, and 
then the number of grammes of guinea-pig which 1 e.c. 
of antitoxin will protect against this minimal lethal 
dose is determined. If O'Ol e.c. of antitoxin protects 
a 300-grm. guinea-pig against the minimal lethal dose, 

1 c.c. will protect 300 x 100 = 30,000 grin, of guinea- 
pig, and the immunising value of the antitoxin would 
be described as 30,000. This method is open to the 
fallacy that if only a portion of the lethal dose ho 
neutralised the guinea-pig may survive, and a fictitious 
value be given for the potency of the antitoxin. 
Behring later adopted ten minimal lethal doses as the 
test dose of toxin, and he termed ten times the amount of 
antitoxin which protects a guinea-pig against the ten 
minimal lethal doses a unit (the Behring unit, which 
therefore = 100 minimal lethal doses of toxin), from 
which the Ehrlich unit, now universally adopted, is 
derived. Though this method eliminates to a large 
extent the objections to the It on x method, Ehrlich 
found that by it the same antitoxin tested with different 
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toxin broths yielded different values. This he explained 
by assuming that diphtheria toxin broth contains not 
only toxin but also other substances which combine 
with antitoxin. These substances, though non-toxic, or 
comparatively so, vary in amount in different toxin 
broths, and variable results, therefore, may be ob¬ 
tained by the simple method of testing. These 
substances, having an affinity for antitoxin, are toxoids 
and toxone. There are several varieties of toxoids, viz. 
(1) those having a greater affinity for antitoxin than toxin 
itself, proloxoida ; (2) those having the same affinity, 
ayntoxoid><; (8) and those having a less affinity, epi- 
toxoidx} Toxoids are probably derivatives of toxin ; they 
increase in quantity in old toxin broth which has been 
kept, and which at the same time decreases in toxicity. 
The toxones also combine with antitoxin, having a less 
affinity for it-than toxin, are primary secretory products 
of the diphtheria bacillus, and while not acutely lethal, 
induce induration, necrosis and paralysis. The toxoids 
are comparatively scanty in a fresh toxin broth and are 
negligible, but it is otherwise with the toxone, which is 
always present in appreciable quantity. Owing to the 
fact that toxone has less affinity for antitoxin than 
toxin has, if an exactly neutral mixture of toxin broth 
and antitoxin be prepared, considerably more than the 
minimal lethal dose of the toxin broth must be added 
to render the mixture acutely toxic, because the first 
portion of the added toxin simply displaces the toxone 
from its combination with the antitoxin, and is 
neutralised by the antitoxin so set free. 

Thus, suppose a certain amount of a toxin broth 
contains 90 units of toxin and 10 units of toxone, and 
to this amount 100 units of antitoxin are added so as 

1 See pp. 172-175 for other viewg on the constitution of diphtheria 
toxin. 
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to form a physiologically neutral mixture, the com¬ 
bination which occurs is shown by the following 
“ equation ” : 90 toxin-antitoxin + 10 toxone-antitoxin 
= L 0 (». e. Neutrality). If an amount of the toxin 
broth be now added, corresponding to 11 units of toxin, 
the effect will be as though only one unit of toxin has 
been added, as is shown by the following “ equation ”: 
90 toxin-antitoxin + 10 toxone-antitoxin -f 11 toxin = 
100 toxin-antitoxin + 10 toxonc (free) + 1 toxin (free) 
= L + (i.e. just acutely lethal). Thus although the 
equivalent of eleven minimal lethal doses of toxin has 
been added to the physiologically neutral mixture of 
toxin broth and antitoxin, only one minimal lethal dose 
of toxin remains free and active, because ten toxin 
units displace the ten toxonc units from the toxone- 
antitoxin complex and are neutralised by the antitoxin 
thus set free. Ehrlich, therefore, devised a method of 
standardisation which eliminates irregularities due to 
the variable proportions of toxonc and toxin in the toxin 
broth by adopting antitoxin and not toxin- as the 
standard. In order to standardise an antitoxin, a 
virulent toxin broth is employed and its minimal lethal 
dose is approximately ascertained— i. e. that amount 
which is just sufficient to kill a 250-grm. guinea-pig 
on the fourth or fifth day. A solution of accurately 
standardised antitoxin, which can bo obtained from the 
Serumspriifung Institut, Frankfort-on-Maine, is then 
prepared, containing one “ unit” of the antitoxin in 1 
c.c., and the toxin is standardised with this by mixing 
with one unit various quantities above and below one 
hundred minimal lethal doses. It is required to 
ascertain the amount of the toxin broth, which, when 
mixed with one unit of antitoxin, just suffices to kill a 
250-grm. guinea-pig on the fourth or fifth day after 
the injection of the mixture; this amount of toxin is 
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known as the L + dose. The L + dose may be defined 
as that amount of a given diphtheria toxin broth which 
is not completely neutralised by one “ unit ” of standard 
antitoxin to the extent that exuclly one* simple lethal 
dose of toxin remains unneutralised ; it corresponds 
usually to 105—120 minimal lethal doses. For example, 
suppose 0‘003 e.c. of the toxin was found to be the 
minimal lethal dose, with separate “units ” of standard 
antitoxin, 0'2, 0'3, 0‘4 and 0 - 5 c.c. respectively of the 
toxin might be mixed, and each mixture injected into a 
guinea-pig; probably the guinea-pigs receiving the 
“ unit” of antitoxin jihm 0 - 2 and 0'3 c.c. of toxin would 
remain alive, while the animal receiving the 04 c.c of 
toxin would die in twenty-four to forty-eight hours. 
The death in the last case is too rapid ; more than a 
simple lethal dose has remained unneutralised, and 
therefore the Ij + dose of toxin lies between 0'3 and 04 
c.c., and further experiments would have to be 
performed with amounts of toxin between these limits 
in order to ascertain the exact dose. Dentil of the 

• 

guinea-pig on the fourth or fifth day 1ms been chosen 
because it has been found that if the dose of toxin be 
diminished ever so little below that producing this 
result, death does not ensue under nine or ten days. 
That is to say, an acute intoxication is fatal at the 
latest on the fourth or fifth day, a fatal result after 
then being due to a chronic intoxication. The amount 
of toxin which is exactly neutralised by one “ unit ” of 
the standard antitoxin is known as the L 0 dose. By 
exact neutralisation is meant absence of any reaction, 
general or local, at the seat, of inoculation, in the 
inoculated guinea-pig. If toxin broth were a single 
substance, containing only toxin, then Ij + — L c =D, the 
simple lethal dose, would be equal to the minimal lethal 
dose. But because of the presence of toxone, which 
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also has an affinity for antitoxin, D, the difference 
between the L Q and the L + doses, is usually a multiple 
(8-12) of the minimal lethal dose. 

From these "considerations wo are now in a position 
to define the unit of antitoxin : a “ unit ” is that amount 
of antitoxin which will neutralise about 100 minimal 
lethal doses for the guinea-pi*; of diphtheria toxin. 
From certain considerations Ehrlich considers that the 
unit would exactly neutralise 200 minimal lethal doses 
of a theoretical toxin, containing only toxin and neither 
toxoid nor toxonc, but, inasmuch as such a toxin is 
unknown practically, the unit corresponds usually to 
10.5—120 minimal lethal doses of a toxin broth, the 
extremes which Ehrlich has found being Hi and 130 
lethal doses. Having standardised a specimen of toxin 
by means of standard antitoxin, this standardised toxin 
is in its turn used to standardise the antitoxic serum 
which has been prepared for therapeutic use. The 
toxin is preserved by the addition of toluol, and is kept 
in a cool, dark place; it needs to be re-standardised 
every few weeks. 

In standardising antitoxin, the L f dose of the stan¬ 
dardised toxin is mixed with varying amounts of the 
antitoxin, the mixtures are injected into guinea-pigs, 
and the amount of the antitoxic serum which neutral¬ 
ises the L + dose of toxin is thus ascertained. If, for 
example, it. were found that ()•()*>, (Hit and 003 c.c. 
of the antitoxic serum neutralised the L + dose of 
toxin, bnt that the guinea-pig receiving 0025 c.c. 
suffered from some local necrosis, wasted, and died in a 
few days, and the animal receiving 002 c.c. died in 
two or three days, 003 c.c. of this antitoxin would be 
about equivalent to one unit of standard antitoxin, and 
the antitoxic serum therefore contains 33 units per c.c. 
For all the experiments the conditions must be kept as 
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constant as possible, guinea-pigs weighing 250 grm. 
or thereabouts oinployed, and to eliminate irregularities 
a number of animals must be used. The antitoxic 
constituent of diphtheria antitoxin is globulin in nature, 
or is intimately associated with tho globulin content of 
the serum. Thus Atkinson found that if the serum 
is precipitated by saturation with magnesium sulphate, 
tho whole of the antitoxin is carried down with the 
precipitate, and also that the globulin content of the 
blood-serum of antitoxin horses is increased. His 
results were confirmed by Ledingham. 1 

There can now he no doubt as to the value of the antitoxin 
treatment of diphtheria. Since the introduction of antitoxin 
treatment, which was commenced about the middle of 1894, 
there has been a steady decline in the case mortality from 
diphtheria, especially in London, where probably the majority 
of the cases are injected with antitoxin. From 1891 to 1894 
the case mortality from diphtheria in the hospitals of the 
Metropolitan Asylums Board averaged about 30 per cent., in 
1895 it was 22 8 (>er cent., and afterwards steadily fell, until 
during the last eight years it has ranged between 8 3 and 10 
per cent. 

Not less than 2000 units should be injected for a dose, and 
early treatment is of paramount importance. As soou as there 
is a reasonable probability that the case is one of diphtheria 
the antitoxin should Ik? used, and treatment should not be 
delayed for the result of the bacteriological examination. 
The statistics show that in cases treated on the first day of the 
disease the case mortality is 3 - 0, on the second day it is 6‘5, 
on the third day 10'fi, on the fourth day 12 9, and on the fifth 
day and afterwards 14 8 per cent. 

In had cases, aud in those coining under treatment at a late 
stage of the disease, the dose may be increased to 10,000 
20,000, or even 30,000 units with advantage, aud to bring the 
patient under the influence of the antitoxin as rapidly as 
1 Jour a. of Hygiene, vol. vii, 1U07, p. 03. 
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possible the first dose may be administered intravenously. 
The dose may have to be repeated onoe or twice in mild case's, 
in bad cases perhaps every six or twelve hours until several 
doses have been given, the guide l>eing the general condition 
of the patient and the rapidity of the separation of the 
membrane. 

In addition to antitoxin, the recumbent post ureami general 
and local treatment should Ik* pursued as usual. 

In cases of mixed infection, in which the diphtheria bacilli 
are associated with streptococci or staphy loeoeei, diphtheria 
antitoxin may prove of less value, as it lias no intlucnecon the 
streptococcic or staphylococcic infection, ami injections of 
anti-streptococcic serum may Ik* given in addition. 

Diphtheritic paralysis seems to Ik* rather more frcipiciit 
after the use of antitoxin than in the eases not treated witli it, 
probably because a greater number of rases survive. 

The antitoxin has also 1m*cii employed as a prophylactic ill 
schools or other places where susceptible individuals an* 
congregated together, and where eases of diphtheria have 
occurred, with excellent results. 

The prweduro in such circumstances should consist of a 
bacteriological examination of the throats of nil the inmates 
in the institution, isolation of those in whom tin* li. tli/ihl/ieri/r 
is found, and the injection of everyone, or at. least of all 
children, with a prophylactic dose, repeated if considered 
desirable, ten days later. 1 For this purpose a dose of uImmiI. 
500 uuits should la* given. Tlu* immunity so produced d<a*s 
not last for more than three weeks. 

The objection to the use of antitoxin for prophylaxis is that 
should the patient subsequently develop diphtheria, treatment 
with antitoxin may induce serious symptoms due to sujier- 
seusitation or anaphylaxis. The writer Is-leivcs that, all the 
advantages of antitoxin without its disadvantages may 1st 
obtained by the use of a vaccine consisting of diphtheria 
endotoxin. 

Some clinicians assert that antitoxin exerts its effect when 

1 On the prophylactic use of antitoxin hoc Norton, Lancet, ltR»7, 
vol. ii, p. 83. 
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administered by the mouth or the rectum. Hewlett waB un¬ 
able to detect any absorption of tetanus antitoxin from the 
stomach or rectum, nor Sternberg of diphtheria antitoxin from 
the rectum, of rabbits. . 


Pseudo-diphtheria and Diphtheria-like Bacilli. 

Diphtheria-like bacilli are not uncommon in wounds 
and in pathological exudates, etc., and in connection 
with diphtheria an important question must l>e dis¬ 
cussed, viz,, the occurrence and nature of the so-called 
pseudo-diphtheria bacilli. The term was originally 
used by Loftier, and by the rule of priority should be 
reserved for the organism described by him under this 
name. The pseudo-diphtheria bacillus of all authors 
is an organism occurring in the throat in various 
anginal conditions, scarlet fever, etc., and occasionally 
in the throats and noses of well persons, and is lion- 
pathogenic to guinea-pigs. Park and Beebe met with 
it in twenty-seven out of 330 healthy throats examined 
by them. Uonx and Yersin, Abbott and Friinkel de¬ 
scribe it as morphologically resembling the Klebs- 
Lbffler bacillus, while Loftier, von Hofmann, Koplick, 
Park and Beebe, Peters, and Hewlett and Miss Knight, 1 
consider that an organism differing somewhat from the 
Klebs-Loffler bacillus should alone be termed the 
pseudo-diphtheria bacillus ; to avoid confusion it is best 
to designate it the Hofmann bacillus. 

Morphology. —Typically, the Hofmann bacillus is a 
shortish rod tapering towards the ends, which are 
rounded, the average length being from 1‘5 /< to 2 p, 
and it occurs in pairs, resembling two suppositories 
placed base to base. It is noil-motile, does not form 
spores, is arranged in a parallel grouping like the 
1 Tran*. Bril. Iu$l. of i'rei*. J led., vol. i, 1897 
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Kleba-Loffler bacillus (due to the same mode of divi¬ 
sion) , and involution forma are, as a rule, not met with 
(Plate VII., «). It is Grain-positive, and stains deeply 
and regularly with Lbffler’s methylene blue, segmenta¬ 
tion and polar staining usually being absent. With 
Neisser's stain no inky granules are perceptible, us is 
the case with the diphtheria bacillus. 

Cultural reaction *.—The Hofmann bacillus is almost 
a strict aerobe; there is no growth anaerobically in 
hydrogen. On serum, agar, and gelatin it forms cream- 
coloured colonies or growths, barely distinguishable 
from those of the Klebs-Lbffler bacillus. On ordinary 
potato it hardly grows at all, what growth there is 
being quite invisible. On alkaline potato, 1 however, 
it forms distinct cream-coloured colonies, usually visible 
by the second day. In stab-cultures in gelatin and 
glucose-agar no gas is formed, and the growth is con¬ 
fined to the upper part of the stab. In broth it forms 
sometimes a granular deposit, sometimes a general 
turbidity. On neutral litmus glucose-agar a blue 
colour is developed, indicating the production of 
alkalinity. Cultivated in peptone water an indole-like 
reaction with sulphuric acid alone can be obtained after 
a variable time, three to four weeks, while the diph¬ 
theria bacillus gives it in about a week ; with a nitrite 
and sulphuric acid the indole-like reaction can be 
obtained with both the pseudo- and diphtheria bacilli in 
about a week. The substance giving this indole-like 
reaction is not indole, but skatole-carboxylic acid. 3 A 
broth culture reduces a weak solution of methylene 
blue. The bacillus does not curdle milk or liquefy 

1 Ordinary potato rendered alkaline with a 10 per cent, solution of 
•odium carbonate before sterilisation. 

* Hewlett, Tram. Path. Soe. Land., vol. li, 1000, p. 1S7 j nil. lii, 1001, 
p. 113. 
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gelatin, can be cultivated at from 22° to 37° C., 
and is non-pathogenic to guinea-pigs in doses of 5 c.c. 
or more of a forty-eight hours’ broth culture. Some 
of the differences between the Hofmann bacillus 
and the Klebs-Loffler bacillus are shown in the 
table on the next page. Mandelbaum and Heine- 
mann 1 state that if a glycerin-agar plate be smeared 
with human blood and inoculated, the diphtheria 
bacillus produces colonies surrounded by a yellow 
zone, while the colonies of the Hofmann and xerosis 
bacilli do not change the red colour of the blood. 
In addition, the Hofmann bacillus does not ferment 
any sugar, etc. (see Table, p. 306). 

The histories of several cases investigated by Miss 
Knight and Hewlott seemed to show that the Hofmann 
bacillus is associated with mild anginal conditions, 
which are free from complications, end in recovery, and 
are not followed by sequelae. In many of the cases 
the anginal condition was associated with distinct 
patches of membrane, and in two symptoms were 
present suggestive of tlie toxaemia which is met with 
in diphtheria. 

In a long series of experiments Hewlett and Miss 
Knight believed that some evidence was obtained of 
the conversion of the Hofmann into the Klebs-Loffler 
bacillus and vice versa. Moreover, the Hofmann 
bacillus seemed in many instances to replace the Klebs- 
Loffler bacillus in the throat during convalescence, and 
it is possible in a large series of cultures to obtain con¬ 
necting links between the Klebs-Loffler bacillus on the 
one hand and the Hofmann bacillus on the other. 
Cobbett, 3 however, suggests that these facts are capable 
of another explanation, viz. that during the acute 
1 Centr.f. Bait. (Oriff.), liii, 1910, p. 356. 
s /win. qf Hygiene, vol. i, 1901. 
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Differences between the Kleba-Liiffler and the Hofmann 

Bacillus. 


Morphology 


Staining with 
Lofflcr’s bltio 


Neisser’s stain . 
Alkaline potato 


I Neutral litmus agar 
: Litmus milk 
! Stab • cultures in 
glucose agar and 
gelatin 

Anaerobic cultures 
in hydrogen 
Indole-like reaction, 
(peptone- water 
cultures, with sul¬ 
phuric acid alone) 
Fermentation reac- 
! tions 


Hofmann DHcillim. 


1 Rods 1-5 n to 2 ft ill , 
| length, tending to 
j lie slightly thicker . 

at the centre tliini 
| at the ends. Is 
, "plumper,” shorter,, 
and less variable 
than the Klobs- 
: bottler bacillus 

; Involution forms rare 

i 

| Stains more deeply 
I and regularly than 1 
[ the Klebs-1,oilier 
bacillus. Polar 
staining rare 
Negative 

Distinct cream-' 

| coloured colonies 
| or growth visible in 
. two days 
■ Alkaline reaction 
Alkaline reaction 
Growth only at upper 
part ot stab I 

No growth 

Only after three 1 
weeks’ growth. 

(Due to skatole- 
carlioxy lie acid) 

See table 


KIeIw-LuIHci llHrillu*. 


Koda averaging 3 ft to 
4gin length Slen¬ 
der and (excluding 
involution forms) 
of more uniform 
diameter than the 
pseudo. Consider¬ 
able variat ion in 
size. 

Involution forms 
usually present. 

Staining generally 
more or leas ir¬ 
regular, and polar 
staining common 

Positive. 

Grows well, but 
growth is almost 
invisible. 

Acid reaction. 

Acid reaction. 

Growth along whole 
length of stab. 

Grows well 

After one week's 
growth. (Due to 
skatole - carlsixylie 
acid) 

on page 30U. 


stage, diphtheria bacilli being readily found, tho Hof¬ 
mann bacillus is likely to be overlooked, whereas at a 
later stage a more careful search may lie necessary to 
detect the diphtheria bacillus, and in the course of 
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that search the Hofmann bacillus is therefore more 
frequently seen. 

Miss Knight and Hewlett came to the conclusion 
that in some cases, at least, the Hofmann bacillus is a 
modified Klebs-Loffler bacillus, and the view taken of 
its relation to the Klebs-Loffler bacillus was, that it is 
a very attenuated Klebs-LbfHer bacillus, i. e. one far 
removed from virulence. It would therefore seem wise 
to treat anginal cases in which the pseudo-diphtheria 
bacillus is found as possibly infective, though it would 
probably bo inexpedient to admit to a general diph¬ 
theria ward (unless a prophylactic dose of antitoxin or 
of an endotoxic vaccine be given), nor would antitoxin 
be needed in the majority. 

Most authorities have been unable to convert the 
pseudo-bacillus into a virulent Klebs-Loffler bacillus, or 
vice versa, and many are of opinion that it has probably 
nothing to do with diphtheria (Park and Beebe, Peters, 
Washbourn, Cobbett, Clark). A few fatal cases have 
been recorded (e. y. by Stanley Kent) in which a 
careful search has failed to reveal any but Hofmann 
bacilli. Boycott 1 found that the seasonal prevalence 
of the Klebs-Loffler and Hofmann bacilli does not 
correspond, the former prevailing during September, 
October, and November; the latter is more frequent 
from May to August. 

Priestley records an outbreak of what he terms 
“ pseudo-diphtheria,” in which the Hofmann bacillus 
seemed to be the causative organism, and expresses the 
opinion that this bacillus is not related to the Klebs- 
Loffler bacillus. 9 

Salter 3 claimed to have found that the Hofmann 

1 «/bum. o f Hygiene, 1905, vol. v, p. 223. 

1 Public Health, July, 1903. 

1 Trane. Jenner Inst. Prev. Med., vol. ii, p. 113. (Bibliog.) 
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bacillus is virulent to many small birds (goldfinch, chaf¬ 
finch, canary, etc.), and that by successive passages it 
becomes converted morphologically into a Klehs-Loftier 
form with feeble virulence for the guinea-pig. He also 
found the filtered broth culture of the Hofmann bacillus, 
though harmless to guinea-pigs, to be toxic to small 
birds, and that it contains a 11011-toxic substance (toxoid) 
which has the power of combining with, and neutralising, 
diphtheria antitoxin. Salter concluded, therefore, that 
diphtheritic organisms arc to be met with of every 
grade of virulence, the weakest, known as Hotinunu’s 
or the pseudo-diphtheria bacillus, representing the most 
attenuated form of the Klebs-LbfHer bacillus. 'I lie 


writer , 1 Cobbett,* I’etrie/* 


Williams , 4 and Clark'’ have, 


however, quite failed to confirm Salters results. 

To ttutu up: the Klebs-LbfHer-like avirulent bacilli 
met with in the tlioat, the pseudo-diphtheria bacilli of 


Roux and Yorsin, are probably modified ami avirulent 
diphtheria bacilli. As regards the Hofmann bacillus, 
the general trend of opinion at present is to consider 
it as quite distinct from the Klcbs-l/iffler bacillus. 
Another view is to regard it as in reality including 
several species, of which one may be a modified Klebs- 
Lbffler bacillus, the others having no relation with this 
organism. The Klebs-Lbffler-like avirulent bacilli 
might, therefore, be regarded as true diphtheria bacilli 
slightly removed from virulence, the Hofmann bacillus, 
if derived from the Klebs-Loftier, as a diphtheria 


bacillus far removed from virulence. 


In determining the fermentation reactions of the dipht lieri.i- 


1 Brit. Med. Journ., Sup.. July mli, 

* Journ. of State Med., vol. xi. p. 

3 Journ. of Hygiene, vol. v, p. Wt. 

* Journ. Med. Reeearrh, 11102, p. S3. 

* Journ. Infect. Dieemee, vol. vii, 1910, p. 335. 
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like bacilli, the organisms should first lie grown in broth 
until they become acclimatised to this medium, or should be 
crown in a medium which suits them, e.g. broth with the 
addition of serum or of ascitic fluid. Hiss’s serum-water 
medium is satisfactory—serum 1 part, water 3 parts, with 
1 per cent, of carbohydrate or other substance, tinged with 
litmus and sterilised in the steamer on three consecutive days. 
Graham-Smith 1 gives the following table of fermentation 
tests: 


Organism. 


Hisa's medium (10 days’ growth). 





B. diphtheria, virulent 0.0 0 ( -' c ^ 0 9 . I 

and avirulent A A A 1 A A 

Hofmann bacillus* .0 0 0 000000, 

Xerosis bacillus* . A ° ' ** ** ® A ^ © A j 

°A°°°j 

. o j 0 o o 0 0 0 o : 

| From the urethra* . A 0 0 A A A O 0 0] 

' From the throat* • a i 0 0 A A A 0 0 ° , 

From the fowl* . A 0 0 A A ... 0 0 0 : 

(* Avirulent to the i 

guinea-pig) | ! , | I I . I i 

C « coagulations - = no coagulation j A = acid; 0 = no reaction. 
Slight variations were occasionally noted:'for example, fourJ>ot of 
twenty diphtheria bacilli gave no acul with lactose, and the amount 
of acid production and of coagulation was somewhat variable. 


Clinical Diagnosis. 

(A) In man and animals:—!. In some coses the diph¬ 
theria bacillus can be identified in the membrane or discharge, 
the diagnosis established thereby. 

» Jour*. of Hygiene, vol. vi, 1908, p. 288. 
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Films are made with the exudation, or with a fragment of 
the membrane teased up as finely as possible on a slide, a 
droplet of water being added if necessary. One of these 
films should be*stained with LdfUer’s methylene blue, another 
bv Gram’s method. Tin* bacilli will Is* found lying parallel 
to one another in larger or smaller groups, together with 
involution founts. Films stained with Neisser’s or l’ugh's 
stain (see below) may also be of assistance. Another method 
is to stain the films for five seconds in dilute eurbol- 
methylene blue (seven drops to 10 c.e water), rinsing and 
drying, and counter-staining in dilute carbon fuscliin (ten 
drops to 10 c.e. water) for one minute, rinsing and drying 
(Higley). 

II. Frequently the membrane is so crowded with different 
forms of organisms that it is extremely difficult to nvognise 
the diphtheria bacilli with any degree of ccrtainlx. Recourse 
must then lie had to cultivation. 

For this purpose sloping blood-serum tuls‘s, or tuls*s of 
. seruin-agar, must be employed : simple agar is unsuitable. 

A piece of membrane or a swabbing from the t hroat is rublied 
over the surface of one or two serum tulies, care ls*ing taken 
not to break up the medium. The 1u1m*k are incubated at 
37° C. for eighteen to twenty hours, and uro then examiimd 
microscopically whether there is any visible growth or not. 1 f 

there lie no visible growth a scraping is taken by means of a 
sterilised platinum needle from the whole surface and a film 
is prepared. If there is a visible growth the film should ls» 
prepared from the most likely colonies, or, it the growth Is* 
confluent, from the upper half inch or so. A microscopical 
examination must always be made, for some colonics - certain 
staphylococci and torulse, for example-- simulate those of 
the diphtheria bacillus very closely. The films may Is* stained 
with Loffler’s methylene blue for five to ten minutes, or 
by Pugh’s method, then washed and dried. If the films are 
made on a slide, after staining, washing, and drying, a drop 
of cedar oil may be put on the gained patch, which is then 
examined directly without a cover-glass. If, however, there Is 
very little growth, it is better to make a cover-glass specimen. 



aft the position of the material is so much more easily located. 
The preparations are examined with a iV-in. oil immersion 
lens magnifying not less than 800-1000 diameters, and the 
Klebs-Loffler bacillus is identified from the description given 
in the text. 

Prausnitz considers that if negative results are obtained 
after eighteen to twenty-four hours’ incubation the tubes 
should. l»e incubated for a further twenty to twenty-four hours 
and re-examined, and undoubtedly occasionally a positive 
result may l>e obtained by this longer mediation. 

Liiffler’s methylene blue gives much more characteristic 
preparations than Grain’s method. 

Although eighteen to twenty hours is recommended for 
incubating the cultures, a microscopical examination will 
sometimes reveal the bacilli at a much earlier period. The 
writer has found them in as short a time as six hours, but if 
bacilli are then vnt found the tulies must be incubated for 
the longer period. 

Neisser's method of staining is as follows: 

(«) One gramme of methylene blue (Griibler's) is dissolved 
in 20 c.c. of 96 per cent, alcohol, which is then mixed 
with 950 c.c. of distilled water and 50 c.c. of glacial acetic 
acid. 

(6) Two grammes of Bismarck brown are dissolved in one 
litre of boiling distilled water and the solution is filtered. 

The preparations are stained in (a) for one to three 
seconds, rinsed in water, and stained in (5) for three to five 
seconds, washed in water, dried, and mounted. The bacilli 
are stained brown, and contain two, rarely three, inky-blne 
dots. This is a valuable confirmatory stain for the diphtheria 
bacillus, but staining for a longer time than that recommended 
by Neisser is advisable, viz. half a minute in the blue 
and one minute in the- brown. Tanner treats with Gram's 
iodine solution for half a minute after the blue. The 
Btaiuing solutions seem to keep well but occasionally fail to 
act, so should be controlled on an undoubted diphtheria 
culture. 

Pugh's stain is also a very good one. It is a mixture 
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containing 1 grin, of toluidine blue dissolved in 20 c.c. of 
absolute alcohol and added to 1000 c.e. of distilled water and 
20 c.c. of glacial ucetic acid. Tlu* mixture in applied for two 
minutes. The •protoplasm of the bacilli is stained a pale 
blue and the polar bodies are deeply stained and stand out 
in marked contrast; by artificial light they up|tear a reddish 
purple. 

In the majority of eases, after a little ex[>erience. the 
Klebs-Ldffler bacillus will la; readily recognised if present. 
Occasionally, however, bacilli may la* present which resemble 
the Klebs-Ldffler very closely, and of which it is difficult to 
be certain. In such a case the following points should lie 
noted in attempting to arrive at a decision : 

1. The character of the growth oil the medium. 

2. The depth of staining with Ldffler’s blue, and the 
presence or absence of segmentation or jadar staining: The 
Klebs-Ldffler bacillus usually stains somewhat deeply, while 
the bacilli resembling it stain but baddy. 

3. The presence or absence of involution forms, dubbing, 
etc. 

4. The presence or absence of thread forms: The Klebs- 
Ldffler hacilliiH does not. form threads. 1 

5. The presence or absence of spores: The Klelm- Ijdfller 
bacillus does not form spores. 

C. Motility in a banging drop. The Klebs-Ldffler bacillus 
is noil-motile. 

7. Gram's method of staining: The Klebs-Ldffler hacilliiH 
stains well. 

8. The grouping of the organism: The parallel grouping 
of the Klebs-Ldffler bacillus is somewhat dm rad eristic. The 
bacilli when lying side by side do not seem quite to touch, 
while the liacilli which resemble the Klchs-Ldfflcr ami show a 
parallel grouping frequently lie much closer together than the 
Klehs-Ldfflor lau-illus ever does. 

9. The reaction with Neisser’s or Pugh's stain (the niHure 

* Klein and others have descrilied thread and branched forms in 
cultures of the Klcbs-baffler bacillus in certain circumstances, hut 
these are not likely to lie observed under the conditions inentiom-d. 
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mutt be a yuuny serum one ) : The pseudo-bacillus and other 
bacilli do not give the diphtheritic reaction (polar staining). 

10. The final test of virulence may be applied. For this 
purpose the organism must be isolated in pure culture by 
plate cultivations. Two guinea-pigs, of 250-300 gnu. 
weight, are each inoculated with 2 c.c. of a forty-eight hours’ 
broth culture, one receiving at the same time 1 c.c. of 
diphtheria antitoxin. If the guinea-pig inoculated with 
culture only dies, while the one receiving culture and 
antitoxin lives, this is complete proof that the organism is 
the diphtheria bacillus; if both live no inference can be 
made except that the organism is uon-virulent; if both die, 
it shows that the organism is virulent, but that it is not 
neutralised by antitoxin, and therefore is not the diphtheria 
bacillus. In coses in which bacilli persist, the test of virulence 
is frequently applied. If the organism proves to be non- 
virulent, presumably the patient is nun-infective. Such a 
presumption, in the writer’s opinion, however, is not necessarily 
true. 

11. Agglutination tests are unsatisfactory and not of 

service. * 

It occasionally happens that a conclusion cannot be arrived 
at without an extended investigation. 

If serum tubes are not available an egg may be used. It 
is boiled hard, the shell chipped away from one end with a 
knife sterilised by heating, and the inoculation made on the 
exposed white; the egg 1 b then placed, inoculated end down, 
in a wine glass of such a size that it rests on the rim and 
does not touch tire bottom. A few drops of water may with 
advantage be put at the bottom of the glass to keep the egg- 
white moist. The preparation is kept in a warm place for 
twenty-four to forty-eight houn and then examined. 
Antitoxin itself may be used as a culture medium, provided it 
contain* no antiseptic (this is now rarely the case.) A test- 
tube is sterilised by heating, or with boiling water or steam 
from a kettle, antitoxin to the depth of about an inch is 
poured in, and is coagulated by holding the tube very 
/obliquely iu boiling water or steam. After coagulation and 
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cooling the medium is inoculated. If no incubator is available, 
the culture may be kept iu a warm place, or in an inside pocket. 

Many laboratories will now undertake the examination of 
material. Culture outfits are supplied by some, consisting of 
a sterilised tube containing a sterilised swab. Failing this, a 
piece of membrane may be forwarded in a tube or bottle which 
lias been sterilised by heating, or with boiling water or steam. 
If there be no membrane, a swab can be readily extemporised 
by wrapping a little wool rouud the end of a piece of wire, 
knittiug needle, hair-pin, peuholder, or splinter of wood. 
The wool may be sterilised by moistening with water and 
then holding in a flame. Membrane or secretion may also bo 
. forwarded on pledgets of wool, pieces of lint or calico, and 
even on paper, but these are not so suitable. 

(B) In milk .—See section on “ Milk.” 

Vincent's Angina. 

An infective malady characterised by sore throat, fetor, 
dysphagia, and ulceration and membrane simulating diph¬ 
theria. The diphtheria bacillus, however, is not present, and 
the affection is caused by an apparent association of a bacillus 
and a spirochaete. The bacillus (B. fug if or mi?) measures 6-8 p. 
to 10-12 ft in length, has pointed ends and is usually some¬ 
what bent, not straight, often appears feebly motile, and does 
not stain by Grain. It can lie cultivated anaerobically on the 
ordinary media to which human blood-serum, ascitic or 
hydrocele fluid has been added. The spirochaete is long and 
sinuous and very motile, but cannot lie cultivated, and is 
stated to be developed from the fusiform bacillus. Smears 
may be stained with methylene blue or dilute carbol-fuchsin, 
and the appearance of the associated organisms is so charac¬ 
teristic that a diagnosis is easily effected (Plate V11-, b). 

Fusiform bacilli have been met with in various necrotic 
processes, e. g. noma (see Chap. XX). 

The Xerosis Bacillus. 

The xerosis bacillus was isolated by Neisser from cases of 
xerosis conjunctive, and is met with in follicular con- 
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junctivit.is. Lawson and also Griffith isolated it from nearly 
50 per cent, of all normal conjunctival sacs. In morphology 
and staining reactions it resembles the Klebs-Loffler bacillus 
very closely. It differs from the Klebs-Loffler bacillus in the 
following particulars: (1) Usually, but not always, in the 
primary cultivations from the eye on blood-serum, colonies 
do not appear under about thirty hours, while those of the 
Klebs-Loffler bacillus are visible in sixteen to twenty hours. 
This does not apply to the necondary cultivations, in w&icli 
the colonies appear us soon as those of the Klebs-Loffler 
bacillus. (2) Upon agar it will seldom or never grow in 
primary culture, and in secondary cultures it. forms only a 
thin, translucent, dry film. (3) Upon gelatin it will never 
grow in primary culture and seldom in secondary culture. 
(4) It does not give rise to acid production in milk or 
glucose broth. (5) It is nou-patliogeuic to guinea-pigs. 
(6) The Neisser stain is negative. The fermentation re¬ 
actions will lie found in the table on p. 306. 

In all probability the organism is not causative of xerosis 
conjunctive. 

To isolate the organism, blood-serum tubes are inoculated 
with a lo<q>ed platinum needle from cases of follicular 
conjunctivitis or xerosis, and incubated at 37° C. for forty to 
forty-eight hours. Half the tubes will usually show a 
growth. Preparations may lie stained with Loffler's blue and 
by Gram’s method. 

Bacillus coryzte (segmentosus). 

An organism first described by Cautlev, of frequent occur¬ 
rence in the nasal secretion in cases of ■■ influenza ” cold. It 
bears a striking resemblance morphologically to the B. 
diphtheriiv when stained with methylene blue, and is Gram¬ 
positive, but does not show granules either with Loftier blue 
or with Neisser's stain. On agar it grows more slowly than 
/?. diphtheria \ and in glucose broth and litmus milk acid 
production is slow and feeble. It is non-patliogenic to guinea- 
pigs. The fermentation reactions will be found in the 
table on p. 306. 
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Other Diphtheria-like Bacilli. 

As already mentioned, diphtheria-like bacilli are not in¬ 
frequent in wounds, pathological discharges atul secretions. 
Some of them "may be positive with Neisser's stain. They 
are always uon-virulent. The fermentation reactions of 
some of these organisms will lie found in the table on p. SOU. 

Bacillus diphtherice columbarum. 

Pigeon diphtheria is an infectious disease of pigeons, 
characterised by the formation of diphtheritic-like membranes 
on the tongue, fauces, and corners of the mout h : occurs iu 
extensive epizootics from time to time. Loftier isolated a 
bacillus to which he gave this name. It is short, with 
rounded ends, non-motile, does not form spores, and does not 
stain by Gram's method. On gelatin it forms a whitish 
growth without liquefaction, ou agar a creamy growth, ami 
on potato a thin grey film. Milk is not curdled aud is 
unchanged in reaction. It is pathogenic for tint mouse and 
pigeon, but only slightly so for the fowl and guinra-pig. it 
is possible to prepare a vaccine, and an anti-scrum for the 
disease. 1 Recent research has. however, suggested that the 
disease may be due to a filter-passer. 2 

Diphtheritic roup of poultry is a different disease, aud is 
stated to be due to a protozoan parasite. 1 Miwfodycn and 
the writer* found Klebs-Loffler-like organisms to la* present 
iu the mouths aud throats of healthy pigeons and fowls. 
These organisms resembled the true Klebs- Loftier istcillus iu 
their cultural reactions, hut were quite non.-viriileiit to 
guinea-pigs (see table, p. 308). 

The so-called diphtheria of calves is produced by an 
anaerobic streptothrix. 

1 8ee Ann. tie I’Intt. Pattenr, xv. 11101, p. 052. 

* Dean and Marshall, Journ. of Path, nml Hurl., vnl. xiii, lOOH, j>. W. 

* See also Gordon Sharp, Lanoet, 1000, vol. il, l». b*. 

4 Trent. Path. Hor. howl., vol. li, 1000. p. 13. and Orit. Metl. Journ., 
1800, vol. i, p. 004. 



314 


Manual of Bacteriology 


CHAPTER IX. 

“ ACID-EAST ” BACILLI. 

TUBERCULOSIS-LEPROSY—THE SMEGMA BACILLUS. 

GLANDERS. 

“Acid-fast” Bacilli. 

An important characteristic of the tuhmxle, leprosy, 
nnd nmogms. bacilli is the property they possess when 
stained with fuchsia of retaining the red colour after 
treatment with a strong mineral acid (25 por cent. 
Bulphuric or 30 per cent, nitric). They are therefore 
termed " acid-fast/' Most other organisms are rapidly 
decolorised even by 1 or 2 per cent, sulphuric acid, 
but it must be recognised that uovor a l ap p aren t l y 

ttn-prnpliyti.i linmlli bwi ” Tlift. rntnntinn 

q|_ tl)n f.uchsin colour in spite of treatment with^the 
acid, seems to be due to the presence of ^uibstanceanf a 
fatty or waxy nature within the organisms, with which 
the fuchsin either combines or is proteoted from-tlie 
action of the acid. 

Moreover, by cultivaling~-many s»pvophytin bar.i)li in 
me dia co ntaining butter, Bienstock and Gottatein con- 
verted, them into. " acid-fast ” forms. 

“ Ao id fa st '* ba e il li~are also- present.in-butter (Petri, 
Rubne r), on (the 

“ Timatihyrgrasa bafiillus ” of Moeller), andt in.dung.(the 
“ Mixfc bacilbi a ”). It has been suggested that these 
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Baprophybic acid-fast bacilli may be derived from the 
tubercle bacillus, but Panisset's work gives no con¬ 
firmation pf this. 

n ’hf* occasionally exhibit K acid-fast ” 

properties. Dean has found acid-fust leprosy-like 
bacilli in rats (see p. 35">). All the acid-fast bacilli 
Beem to be (a£a£tupositive. 

Tuberculosis. 

Tuberculosis is, unfortunately, only too common in 
the human subject, and most of the dygiestjc-aimimls 
and wildL-animals in a state of captivity may be 
attacked by it. 

The eonneption of tuberculosis was originally a 
purely anatomical one, the name being given to a 
condition in which the organs were studded with little 
yellowish points or nodules, which were termed 
tubercles. Laennec was the first to indicate the 
characters of these nodules or tubercles, and traced 
witli considerable accuracy their development from 
minute lesions, the miliary tubercles, up to the large 
cheesy masses which may be met with in the glands 
and lungs. 

j^jjj 2 Q 2 g| 2 Q{Ufia%, the structure of a young and typical 
tubercle is characteristic. I At the centre one or more 
giant-cells are found—large protoplasmic masses, each 
containing ten to twenty nuclei arranged round the 
periphery (Plate IX., b). They are of the nature of 
plasmodia, similar to the masses of fused cells which 
surround a foreign body in the lower animals (Adami). 

* ■ ^ JQUn d the gian t-cells are. well-defined.-epitbehaWike 
cells-wit h lar ge q .nd distinct nuclei, which are known as 
epithaiinifi j or more properly .endothelioid,cells, a A zone 
Of smaller cells with scanty protoplasm and small nuclei 
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described clear, regular, unstained spaces in bacilli 
from old cultivations, and consider these to be true 

spores. . . 

The tubercle bacillus is a non-jjwfcile, strictly^para- 
Jtttis organiftra (it has been described as being both 
motile and flagellated). It usually ocqiua.-singly, 
occ^isaial!l.iinked .in. .twos or threes so as to form 
short chains, and under certain conditions, especially in 
old cultures, filamentous ..forms develop, and Foulerton 1 
..and others include it among the Streptotrichea). The 
bacillus is agglutinated by the blood-serum of a tuber¬ 
culous animal (see p. 347). 

Staging* jraaciiows.—The tubercle bacillus s.tsiM,!P- 
differently with the ordinary watery solutions of dyes, 
prolonged treatment with, or warming, the solution 
being required. It stains well by Gram’s method. It 
also stains well and deeply with carbol-fuchsin, particu¬ 
larly oil, warming, and when so stained is markedly 
resistant to the decolorising action of 25-30 per cent, 
mineral acid j that is to say, it is strongly “ acid-fast,” 
and this property is made use of for demonstrating its 
presence in tissues, eto., and for diagnostic purposes. 

Tfoch states that the peculiar staining reaction of the 
tuberole bacillus i s . du e to» oon t ing -of two ,. fatty ftfild 8 ? 
whi<d»-toki^~fcha^^ 

mineral acid . De Sohweinits and Dorset (loc. ctt. 
n. aSJJ have found the fatty substances to be princi- 
pniij (i rlimrrifr nf together with small 

.' amounts of lauric acid and rf,Jw qo^ 

p- 82 ») 

that the fat is not add-fast, and by saponification 
yields glfiio, iapp-stinio. and mvristjnio acids . The acid* 
4wt substance, according to these observers, is an 
alcohol. 

''' i *>wbvy iurtawa* t****, wio, *oi»i,pi. «!.«****• : 
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Cultural character*. — Tlie tubercle bacillus is aerobic 
and facu ltativel y anaerobic, and thrives best at a tem¬ 
perature of 87° C. or thereabouts, and development even 
then is slgw, six weeks at least being required for an 
appreciable growth. The simplest method of isolat¬ 
ing the bacillus from the tissues is to make use of 
Roux’s potato tube (Fig. 9), the bulb being tilled with 
5 per cent, glycerin. The potato 
is inoculated with an emulsion of 
the tuberculous material, and in¬ 
cubated at 37° C. In six or eight 
weeks cultures will be obtained 
in, perhaps, 50 per cent, of the 
tubes. Twort 1 has successfully 
isolated the bacillus from sputum 
by direct cultures in an ericolin 
medium. Other media that can 
be employed for cultivating the 
organism from the tissues are 
glyperinated serum (preferably 
dog’s), and glycerin brain agar. 

The latter is prepared by making 
a 3 per cent, nutrient agar of 
+ 20 reaction, adding an equal 
volume of pounded ox-brain, and , . ... 

sufficient glycerin to make ■> per oly(M , rin . Il|ptr C nltun> 
cent, in the mixture, and steri- three rnonlhs old. 
lising. 

After culture on these media for some generations, 
the tubercle bacillus will develop on •» per cent, glycerin 
agar (reaction + 15 or 20), and in 5 per cent, glycerin 
broth (veal is best) ; it will also grow, though very 

<n>1atinn at - 22 ° c '- ? n,Tlf: “ “;" d 
b lood-sernm are not liquefie d. On glycerin agar the 

1 Pro*. 1 toy. So*. Land., B. rol. Ixxxi, 1909. 
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growth forms a deyr-eripjcled and wrinkled^ cream- 
coloured or brownish-yellow film, which has been well 
described as resembling the patches of lichen met with 
on trees (Fig. 37). The growth, however, varies con¬ 
siderably, both in colour and in the amount of wrink¬ 
ling, though retaining more or less the characteristics 
just mentioned. In. broth it forms soft cream-coloured, 
flaky masses, which increase slowly both in size and 
number, t<he broth remaining perfectly bright and clear. 
Sometimes a dry crinkled film forms on the surface of 
the broth, and may spread all over it, and tends to 



Fio. 38.—Flask for growing tuberculin. 


creep up the sides of the vessel. This, film f o rmatio n 
seems .to -ba-essential for the preparation of a satisfac¬ 
tory old tuberculin, but it is necessary in order to start 
it 'tliaFsbme'of the inoculated particles should float and 
form nuclei from which the film spreads. The- vi ru l ent 
orga nism from the primary cultivations is difficult to 
* grow on anything but glycerinated potato or serum , or 
brain agar. 

Tiiherculina .—Ex tracts of, and suspensions^ of tritu¬ 
rated, tuberc le bacill i are employed in treatment and 
in tlie diagnosis of tuberculosis. The preparations are 
known as tuberculins. 

jQld tubercul in .— This is prepared bv growing- .the 
t fl l iffrcle ba cillus in glycerin yealbroth-ilLa shallow: layer 
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in flat flasks (Fig. 38), so that there is a free supply of 
oxygen. After some weeks an abundant growth with 
film Inrmfttinn develops; tho latter seeins to bo 
essential,' but it does not appear to matter whether the 
bacilli be virulent or non-virulent, or whether they be 
of human or of mammalian origin. Xliaxulturea,,bacilli 
an d al l, are heated at 115° C. in thu autoclave for half 
an hour, then concentrated over a water-bath to ubout 
one tenth of their volume, and finally are filtered 
through porous porcelain ; the resulting fluid is thick, 
owing to the concentration of the glycerin by the 
evaporation, is of a dark amber colour, and possesses a 
curious characteristic smell. The large proportion of 
glycerin preserves the fluid, which keeps indefinitely in 
a cool dark place. 

TJi»« nl>1 fnVi orcnlin possesses remarkable properties. 
Relatively large amounts (01-0'5 c.e.) may be injected 
i nto a healthy animal or individual without cficct, blit 
in a tuberculous one a minute dose, O'OOl c.c., gives rise 
to a ma rked reaction—elevation of temperature with 
constitutional disturbance more or less severe, and 
swelling and tumefaction of tuberculous lesions (glands, 
ulcers, etc.), and this reaction is made use of for 
diagnostic purposes (see p. 348). Hy cautiously in¬ 
creasing the amount a toleration is gradually induced, 
so that considerable doses cause little or no disturbance. 
Injections of tuberculin tend to produce marked changes 
in the tuberculous parts, leading to necrosis and ex¬ 
foliation, with subsequent healthy reaction and repair. 
This is especially seen in cases of lupus; by continued 
injections a marvellous improvement results, so much 
so that a cure is apparently effected; but, unfortunately, 
when the treatment is discontinued the scar usually 
breaks down and the disease returns. Nevertheless, a 
few cases have remained permanently healed. 

21 
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For treatment, the dose, to commence with should not 
be more than O'OOl—0‘002 c.c., dilutions being made 
with 0*5 per cent, carbolic solution, and the dose is 
repeated when all reaction has passed away and is 
gradually increased. Tuberculin It, or tuberculin BE, 
is now generally employed (see below). 

Healthy guinea-pigs bear considerable injections of 
tuberculin without harm; but if they be tuberculous, if 
tho disease- is advanced (eight to ten weeks after 
inoculation), doses of 0'01 c.c. produce death ; if less 
ndvanced (four to live weeks nfter inoculation) a larger 
dose, 0*2 to 0‘3 c.c., is required ; but-Odr-r.c. always 
proven fatal The j»ost-inortem appearances are con¬ 
gestion of the lymphatics and viscera, and dark red 
spots, from more points to the si/.o of a hemp-seed, on 
the liver and spleon. These are due to enormous 
engorgemont of the capillaries in the immediate neigh¬ 
bourhood of tuberculous deposits, actual extravasations 
of blood being rarely found. ,| n i? lin**"' v ' i W "|r " i: Uq 
spots jq n the liver are almost pathognomonic of death 
f»!ftm.. tuberculin. 

^Absolute alcohol precipitates the active principle of 
tuberculin in tho form of a whitish flocculcnt precipitate 
which chemically consists of proteoses. This precipitate, 
re-dissolved, is made use of in the c^/t&alwuc-eeaetion 
(p. 340). Tuberculin applied to tho scarified skin nlso 
gives a .c iifnww ee r eact ion in tuberculosis (p. 348). 

T uber cuUilIL. or TH v «<yo tuberculin, is prepared from 
young and virulent cultures of the tubercle bacillus. 
The grow th is collected, dried in vacuo and -triturate d 
by machinery. 1 Of the triturated material, 1 T g™ 
is treated with 100 o.e. of distilled water, and contri- 
f ng aliaed. Tho su|>ernatant liquid is rejected, and the 

1 Dtetsrh. «n«t. irorhetMefcr., 1897, April lot (translations or abstracts 
in moat of the medical journals of about this date). 
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residue is collected, dried, again triturated and centri- 
fugalised. The supernatant liquid is carefully pipetted 
off and kept, while the residue is again submitted to 
the same treatment, and the process is repeated until 
no solid residue is left. The fluids are then mixed, the 
solid content is estimated gravilnotrically, some glycerin 
is added, and the liquid is diluted to tho correct volume, 
so ns to contain 2 mgrm. of solid matter per, pubic 
centim etre (not 10 mgrm. ns formerly stated), and for 
use is diluted with 20 per cent, sterile glycerin solution. 

Tuberculin It, according to Koch, posmxitca.ilistiiict 
jnmnmWeg pmp“rtics, and causes neither reaction nor 
su ppu ration. 

For treatment of tuberculosis in man the initialjloso 
is equivalent to not more tliun “ to'mtjv — 

.VoVro mgrm. of solid matter, acconling to the nature of 
the case. Tlig.jd. 03 es are given subcutaneously-at inter* 
yala o f ten to fourteen days, and the treatment may be 
co ntrolled tlm .earlier stages by opsonic deterijiinn- 
tiuns. According to Latham, tuberculin may also he 
given by the month. Cases of cutaneous or localised 
tuberculosis, and those in which the opsonic index to 
tubercle is moderately minced, react bpst. In.phthisis 
anil viseernl tiihernnlosis Jio striking results have 1)0011 
obta ined. 

'I'uharaulm ,- bacillary emulsion (UK), is an emulsion 
of the powdered bodies of tul>erole bacilli in SO percent, 
aqnmnff glyrrr*" The mixture is allowed to sediment 
until all heavy particles have deposited, tin* milky 
supernatant fluid is pipetted off, ami standardised so ns 
to contain %\ mgrm. of solid matter per e.e. The.dosage 
ia simil a r to that of tuberculin H. 

Holu-ing has prepfireil another tuLarcuUiviub"" or 
X£o ^yjrpatiiinir witb chlyral, which lie 

has a m^rlr< » d curative action, and is better 
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administered, by the mouth than by subcutaneous 
inoculation. By gi ving telnse to e™™, the milk is said 
to acquire immunising and curative properties which 
are transmitted to those consuming it. Other tuberculins 
are also on the market, and any tuberculin may be 
prepared with a human or with a bovine strain of 
bacillus. 

C h emical, pxod.ur.tn. —The tubercle bacillus produces 
no extra-cellular toxin. Crookshank and Herroun 
obtained from glycerin broth cultures of the tubercle 
bacillus a proteose and an alkaloidal body. The pro¬ 
teose was also obtained from “ perlsucht.” Both the 
\ al kaloi d and thoyarftteose (from both sources) produced 
a xiso of temperature in tuberculous guinea-pigs, while] 
in healthy animals the former caused a slight, and the' 
latter a marked, fall in temperature. 

De Rchweinit/. and Dorset 1 described chemical pro- • 
ducts isolated from tlio tubercle bacillus grown in a 
special glycerin-asparagin mixture. From the bacilli 
themselves an acid body was isolated, probablj^tornconic 
acid, an unsaturated acid of the fatty series. A certain 
amount of the same body was also obtained from the 
special culture medium, but only a trace from glycerin 
broth, in which the bacilli had been cultivated, in the 
latter case not because it was not formed, but because 
of the difficulty of isolation. T hjs acid seemed to 
I?r?durfi nn jQ pTeflainn of. temperature and 

n ecrosis of the tissues locally, possessed some-immu¬ 
nising power, and may be the substance producing 
caseation in the tuberculous nodules. The bacilli ex¬ 
tracted with hot water yielded an£a lbuminoid, whic h 
g ave the. tuberculin reaction. Thisihey regard, as the 
fever-producing substance. 

1 Mod. Joum. N. T., 1887, July 24th, p. 193. Also Fifteenth Annual 
Sip. Bureau of Animal Induttry, V.8.A., 1888. 



Action of Heat 


325 


Bulloch and Macleod 1 state that the agid-fast sub¬ 
stance of the tubercle bacillus is an alcohol. HuLxylol 
will r emove . tjjis_ambatancu from the tubercle bacillus, 
and ether or 5 per cent, caustic soda that from the 
smegma bacillus; the organisms after this treatment 
are no longer “acid-fast." 

Maragliano states - that toxic bodies are present in 
the blood and urine of tuberculous individuals. CeLju" 
lose also seems to be present in small amount in (he 
bacilli (it has also been found in tuberculous nodules). 

Tubercle bacilli, living or dead, are with great 
difficulty absorbed when in any quantity. The dead 
bacilli when injected under the skin invariably 
cause suppuration, and several months later it is still 
possible to detect in the pus numerous bacilli which 
stain well; introduced into the circulation of rabbits 
they give rise to nodules in the lungs similar to the 
tuberculous nodules produced by living bacilli (Koch). 

Action of heat and antiee/itlcx on the tubercle 
hjiaULux .—The thermal death-point of the bacillus has 
been the subject of some controversy. Sternberg found 
that tuberculous sputum exposed for tuu m i nu tes A s a 
temperature of U0°, 80*', ami 66 C. tailed to infect 
guinea-pigs in inoculation, while another specimen of 
the same sputum heated for ten minutes to a tempera¬ 
ture of 50° C. produced tuberculosis in n guinea-pig, 
so that from these experiments the thermal death-point 
lies between_5Q 0 and 00° C. 

Yersin in 1888, by culture methods, failed to obtain 
any growth from bacilli which had boon heated to 
70° C. for ten minutes, while those heated to 5. r > C. 
and 60° C. gave growths in glycerin broth in ton days 
and twenty-two days respectively. Macfadycn and 
the writer, in the course of some experiments on the 
* Journ. of Hygiene, vol. iv, 1W04, p. 1 
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sterilisation of milk, found that milk to which powdered 
dried sputum hud been added was rendered innocuous 
by a momentary heating to 67°-68° C. These experi¬ 
ments indicate that a temperature of 65° C. and over 
is probably rapidly fatal to the tubercle bacillus, so 
that milk which lias been pusteurised (/. e. heated to 
08°—70° C. for twenty to thirty minutes) may be 
regarded ns quite safe. Experiments by the Royal 
Commission on Tuberculosis with virulent tuberculous 
milk gave somewhat irregular results; in one instance 
heating to 65° C. for two and a half minutes rendered 
the milk innocuous, in another instance after live minutes 
at 70° C. it was slightly virulent, but twelve minutes at 
the same temperature rendered it inert (see also section 
on “Milk”). Foulerton found that emulsified tuberculous 
material fiorn tuberculous guinea-pigs did not lose its 
power of infecting unless heated to 70° C. or over for 
ton minutes. 

The tubercle bacillus offers considerable resistance to 
the. action of antiseptics and germicides. Yersin found 
that it was killed by 5 per cent, carbolic acid in thirty 
seconds, by 1 per cuut. in one minute, by absolute 
alcohol in live minutes, and by mercuric chloride, 1-1000, 
in tun minutes. -Crookshank found that tuberculous 
sputum mixed with an equal volume of 5 per cent, 
carbolic was rendered innocuous in u few minutes, and 
this without any special precautions us to breaking up 
the masses. For disinfecting sputum mercuric chloride 
is unsuitable. (See also Chap. XXI.) 

Puthoyenvii i, etc .—Man is, unfortunately, only too 
frequently attacked with tuberculosis, the manifestations 
of which tend to differ somewhat at different age 
periods, f Thus, in the very young, general miliary 
tuberculosis, tuberculous meningitis, and tuberculous 
disease of the peritoneum, intestine, and mesenteric 
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glands (tabes niesenterica) are the commonest j^jn older 
children, up, to the age ot' puberty, the lymphatic 
glands, especially in thu neck, joints mid bones, and 
the skin (lupus) are mostly attacked ; young, .adults 
suffer from disease of the lung (consumption, phthisis), 
£ and older people from chronic disease of the lung and 
tuberculous disease of the urinary organs and testes, 
and of the suprarenal capsules (Addison’s disease). 
S crof ula and stru ma were terms formerly much 
employed; both denote a swollen neck, and were 
applied to cases suffering from chronic tuberculous 
inflammation with enlargement ot lymphatic glands, 
especially of the cervical glands, with which other 
conditions, such as inllammation ot the ear, throat ami 
eye, and implication of bones and joints, arc frequently 
associated. 

The distribution of the bacillus in the tissues varies 
considerably. in young and active tubercles the bacilli 
are more plentiful and more easily demonstrated than 
in older and more chronic ones. I hey tend to la: 
more numerous in some animals (Inin in others in the 
ox and horse than in man, tor example. In man the 
bacillus is difficult to demonstrate (by staining) in 
enlarged and unseating glands, in pus, m synovial 
membranes, and in lupus. In some animals, especially 
the ox and horse, bacilli can usually be ic.ulily 
demonstrated, and may be present in large numbers, 
and frequently have the typical distribution, viz. within 
and at the periphery of the giant-cells, though they aie 
by no means confined to this locality (Plate IX />)■ 

It has been asserted, particularly by Itosenbcrger and 
Forsyth, that tubercle bacilli can be detected in the 
blood in tlie majority of cases of pulmonary tubercu¬ 
losis. Hewat and Sutherland, 1 however, made twentj- 
1 Brit. Med. Juurn., 1009, vol. ii, p. H10 (Kefurencc*). 
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two blood examinations on twenty patients in all stages 
of the disease and in only one detected two acid-fast 
bacilli. Schroeder and Cotton tested the blood of 
forty-two cattle in all stages of tuberculosis by inocula¬ 
tion into guinea-pigs with negativo results. 

Tuberculosis in animals ,.—The majority of the 
domestic animals are subject to tuberculosis. It is 
.common in tluwui, pig, and hors e;, much less so 

i n t he sheep and jjoat, cat. and dug. Wild_ttuunals, 

both., mammals and birds, in a state of captivity are also 
specially prone to be attacked, and a large number of 
the deaths in Zoological Gardens, particularly among 
the apes, are due to this disease. 

lit..carp, tubercle-like nodules are occasionally met 
with in which a bacillus resembling the tubercle 
bacillus in morphology and staining reactions is present. 
It grows, however, much more freely than the true 
tubercle bacillus, and though inoculablc into fish and 
frogs, is nou-inoculable into warm-blooded animals. 
Hut..it yields a tuberculin which reacts with mammalian 
tuberculosis, and by feeding , carp on the mammalian 
tubercle bacillus this can apparently be transformed 
into the piscina variety. 

or avian tuberculosis undoubtedly differs in many 
respects from mammalian tuberculosis. The tuberculous 
new formations may be very large, but I do .uofc. show 
nearly such a disposition to caseation or suppu ratio n 
as. the human lesions. ^Epithelioid cells form the major 
partjjf.-tk.a_growth, und yinnt -c ells a re very iufreipiejit. 

U One, remarkable feature is the enormous numbers of 
bacilli.which may be present in the tissues ; in places 
they may be so numerous and closely' packed as to 
form distinct masses or nodules. The bacilli of avian 
hav e the same staining reaction as those of mamma¬ 
lian tuberculosis, but on cultivation and inoculation 



Avian Tuberculosis 


various differences between tin* two races become 
evident. 

_ 'J’be inaininaliun bacilli llourish best at about -M ('., 
and gr owth ceases at 41° C., whereas the avian bacilli 
thrive luxuriantly at 44° {' , and the growth of the 
hitter on glycerin agar is much moister ami more 
wrinkled, and often more pigmented, than that ol tIn¬ 
former. Fowls and dogs are with difficulty infected 
with human bacilli, but dogs are susceptible to infection 
with avian bacilli. Uy cultivation on boric-acid agar 
and on eggs, etc., the mammalian bacilli are stated to 
assume the characters of tin- avian. 

Avian tuberculosis is of practical importance not 
only as attacking poultry, but also in lmuian pathology, 
as several cases have been recorded in which (In- 
bacilli cultivated from human cases seemed to be o! 
the avian type, and were therefore probably derived 
from an avian source of infection. Two types ol 
tuberculosis also occur in tin- horse--one in which the 
lesions are cliietly abdominal, in tin- other the lungs 
and bronchial glands arc most affected. Noenrd states 
tbfttLJJ.enerally the bacillus obtained from tin-pulmonary 
Vil ji rfy of the ordinary mammalian type, while that 
of the abdominal ono belongs to the avian. 

R* In linn of hitman and mammalian tuh<:r<uloxm.-— 
It has long been noticed that there are ceitiiin 
d iffere nces betweuu the bacilli of humau and of bovine 
tuberculosis,> the latter tending to be shorter and thicker 
mid. less readily cultivated than the foimei ; als<g \\hili 
human ~ tuberculous material iujeeted into a rabbit 
generally produces small discrete lesions in the organs 
which tciuLiu.Jxtrogrcfcs, boviuu material induces a 
progressive disease with large caseating masses. I a si 

1 The bacilli derived from tulw.-rcubwi* of tli*- 1"K “ n 't home 

are also of the bovine type. 
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distinctions were regarded us being due to varia¬ 
tions in tlie bacilli as a result of growing upon a 
different soil and not to any fundamental difference 
between the two strains of bacilli. In 1901, however, 
Koch stated 1 that young cattle and swine cannot, be 
infected with human tuberculous material, ‘and he 
therefore concluded that human and mammalian tubercle 
bacilli are essentially different. As a result of his 
experiments he made the statement that “ thong] 
the important question whether man is susceptible t< 
bovine tuberculosis at. all is not yet absolutely decided 
if such a susceptibility really exists, the infection o 
human beings is but a very rare occurrence.” 

This view met with considerable opposition, and a 
second ltuyal Commission was appointed to investigate 
the question, and the following summarises the results 
obtained up to the present, from which it will be 
gathered that while there is no justification for 
assuming that man is infected from human sources 
alone, infection from human sources is probably vastly 
more frequent than from any other. Thirty different 
viruses isolated from cases of tubereulosis occurring 
spontaneously iu bovines have been studied, and the 
results of introducing them into a number of different 
animals by feeding ami inoculation arc recorded, 
lii calves, inoculation usually results in generalised 
progressive tuberculosis, but the effect is somewhat 
dependent on the dose, i. r. the number of bacilli, 
administered. Thus whereas oO mgrm. of culture always 
induced a fatal generalised progressive tuberculosis, in 
two instances much smaller doses—0*01 — 0*02 mgrm.— 
produced only limited retrogressive tuberculosis. Feed¬ 
ing, on the other hand, usually produced lesions limited 
to tho neighbourhood of the digestive tract, which 
1 See tint. Me it. Juurn., lt)01, vol. ii, j>. 1st). 
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generally retrogress ami become calcareous. The 

bovine bacillus, when introduced into rlii'siix moukevs 
or chimpanzees, either by inorulution (even in so miiuII 
a dose as O’OOl mgrm.) or b\ feeding, induces ra|(id 
generalised tuberculosis, and, considering the close 
relation that exists between the anthropoid apes ami 
man, these results are of the highest importance. in 
pigs, generalised progressive tuberculosis is rcadilv set 
up both by feeiling w it h, ami by t he iuoeulal ion of, box inc 
bacilli. (louts, dogs, smd eats are rclalivelv less sus- 
eeptible, but more or less tuberculous infection can 
similarly be produced in them. On tins part of the 
investigation the Commissioners remark that the 
bacillus of bovine tuberculosis is not s ( > constituted 
ns to act on bovine tissues onlx, and the tact that it 
can readily iuicct the anthropoid apes, and, indeed, 
seems to produce this result more readily than in the 
bovine body itself, has an importance so obvious tliat> 
it need not be dwelt on. The viruses isolated from 
sixty eases of the disease in man were also studied, and 
the results obtained show that tliex max be divided 
into two groups, subsequent lx rclcrrod to as (Iroup I. and 
Croup II. The bacilli of (iroup I. compiled lourfeen 
viruses, one obtained from sputum, three from tubercu¬ 
lous eerx ieal glands, and ten from mesenteric glands <d 
primary abdominal tuberculosis in children. The 
results produced by introducing these viruses into 
animals are identical with those produced by the 
bovine bacillus. The bacilli of (iroup iJ. comprised 
forty viruses obtained from various forms of human 
tuberculosis—cervical glands, mesenteric glands (M;, 
lungs and bronchial glands (Mb, joint and bone disease 
(b), testis, kidney, etc.- -grow more luxuriantly in 
culture than those of Croup I., ami inoculated into 
calves and rabbits do not produce the generalised and 
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fatal disease caused by the bovine bacillus, but in 
rhesus monkeys and in the chimpanzee set up a general 
tuberculosis. Certain human viruses, differing in cer¬ 
tain respects from those of Groups I. and II., were 
also mot with and are classed as Group III., but an 
opinion on their significance is reserved for a future 
report. 

The Commissioners conclude that the tubercle 
bacillus in its nutritive and reproductive powers 
resembles other simple organisms, and that the essen¬ 
tial difference between one strain and another depends 
on variations in these factors, and they classify those 
bacilli that grow with difficulty on artificial media as 
ilymjonic, and those that grow readily on media as 
eutjonic. 

The bearings of the results obtained an* thus sum¬ 
marised : 

“There can be no doubt that in a certain number of 
cases the tuberculosis occurring in the human, subject, 
especially in children, is the direct result of the intro¬ 
duction into the human body of the bacillus of bovine 
tuberculosis, and that in the majority of thesb cases 
the disease is intjualucud- through cow’s., milk. Our 
results clearly point to the necessity of measures more 
stringent than those at present enforced being taken to 
prevent the sale or the consumption of tuberculous milk. ) 

As regards the histological appearances of the tuber¬ 
culous process in different animals, Dr. haistyvood states 

that t 1 .* ; r ■*“ —ulprlyirg ii,iifv /?.f. 

p roduced experimental ly hy.iuftT.thm, with every variety 
of hovinu. juiilJuillltULl uherclu .LuoUl u s. 

Kber, 1 in an extended investigation, succeeded in 
infecting calves from three cases of human pulmonary 
tuberculosis. / The bacilli isolated from the human 
• CtntrTy. Ballet., Abt. I (Orig.) lix, 1011, p. 103. 
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material were of the hunum type, but after passage 
through the calf became transformed into the bovine 
type. ’ He affirms, therefore, the essential identity of 
the human and bovine types of tubercle bacilli. 

With regard to the channel of infection in human 
tuberculosis opinions differ. Jvoeb insisted that inha¬ 
lation of air-borne bacilli derived from dried human 
sputum is., the principal source of infection ; Von 
Hchri mr. on the other hand, expressed tin* opinion 
that tuberculous milk fed to children is the main 
sojurfift. of infection both of children and of adults ; in 
the latter case he suggests that bacilli are ingested in 
childhood and lie dormant for years before becoming 
active. 

^Calmette similarly believes that in the young, 
infection by the digestive tract, especially by tuber¬ 
culous milk, is the more frequent, and attaches little 
or no importance to dry dust containing tubercle 
bacilli its a source of infection. Kuvcucl considers 
that the alopentary tract, particularly in children, is u 
frequent portal of entry for the tubercle bacillus, 
which he believes is able to pass through an intact 
mucous membrane. Of sixty cases of human tuber¬ 
culosis investigated by the Royal Commission on 
Tuberculosis, twenty-eight possessed clinical histories 
indicating that in them the bacillus was introduced by 
the alimentary canal. 

FJiigge, on the other hand, states that bis experi¬ 
ments show that tuberculosis can be communicated to 
auimnls by inhalation, and that the dose of Imcilli 
required to infect by the respiratory tract is far less 
t han that required to infect by the alimentary canal. 
The mode of infection in man doubtless varies, and he 
believes that children may be infected by the digestive 
tract, by tuberculous food, particularly milk, but the 
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most extensive source of infection is the number of 
droplets of tuberculous expectoration coughed up by 
consumptives'; these float in the air and serve as 
sources of infection to others. Ribbert and Sell rotter, 
also, from the evidence of autopsies, considered inhala¬ 
tion as the chief mode of infection in man. 

Bulloch, 1 from a careful survey of tho literature, 
concludes that pulmonary tuberculosis is invariably 
caused by bacilli of the human type, and, therefore, is 
presumably duo to inhalation of human bacilli. 

McFadyoan, 2 also, from a critical survey of the 
experimental evidence, concludes that (1) inhalation of 
tubercle bacilli suspended in the air is a very certain 
method of infecting susceptible animals; (2) experi¬ 
mental infection by the digestive tract is comparatively 
difficult to realise; (3) inhalation is probably tho 
commonest natural method of infection, both in man 
and in animals ; (4) infection by the digestive tract 
can be inferred only when tho lesions are confined to 
the abdomen. He finally states that “the whole of, f 
tho experimental evidence on which the theory of the', 
intestinal origin of pulmonary tuberculosis in man was* 
built up has been swept away.” 

Thus there has been a reversion to Koch’s original 
view, and, inasmuch as the deathsvate per lUQQ living 
from all forms of tuberculosis is about 1*64, that from 
phthisis is l - 14, so that by far the greater part of the 
mortality from tuberculosis must he ascribed to infection 
from human sources. 

While this l>ook was in the Press, the final report of the 
ptoyal Commission was issued. The Commissioners conclude 
that a considerable amount of human tuberculosis is caused 
pv bacilli of the bovine type, and that tuberculosis may be- 

1 “Horace Dobell Lecture," 1910. 

* Joum. Roy. Inst. Public Health, voL xviii, 1910, p. 706. 
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communicated to man from infected cow's milk, and from 
tuberculous meat, either beef or pork. 

So far, therefore, from any relaxation of the existing 
supervision of milk-production and meat-preparation being 
possible, the Commissioners press upon the Government the 
enforcement of food regulations, ** planned to afford lad ter 
security against the infection of human l<eings through the 
medium of articles of diet derived from tuliereulous animals.” 
More particularly they urge such action “ in order to avert 
or minimise the present danger arising from the consumption 
of infected milk.” 

Of young children who died of wasting disease of the intes¬ 
tine, the bovine bacillus was present in nearly half the cases. 
Further, a large proportion of cases of tuberculous cervical 
glands in both children and adults was due to the same bacillus. 
The wording of the report is: “Whatever, therefore, may 
1)0 the animal source of tuberculosis in adolescents ami in 
adult man, there can lx; no doubt that a considerable 
proportion of the tuWreulosis affecting children is of Isivinc 
origin, more particularly that, which affects primarily the 
abdominal organs and the cervical glands. And further, 
there can lie no doubt that primary alslomimil tulierrulnsis, 
sis well as tulieroulosis of the cervical glands, is commonly 
due to ingestion of tul>oreulous infective material. The 
evidence which wo have accumulated goes to demonstrate 
that a considerable, amount of the luliereulosis of childhood 
is to be ascribed to infret ion with bacilli of the Istviue tyjs* 
transmitted to children in meals consisting largely of the 
milk of the cow. 

“We are eonviueed that measures for semiring the 
prevention of ingestion of living bovine tuls-rele bacilli with 
milk would greatly reduce the nuinlier of eases of abdominal 
and cervical gland tuliereulosis in children, and that, sueli 
measures should include the exclusion from the food supply 
of the milk of the recognisably tuliereulous cow, irrespective 
* of the site of the disease, whether in the udder or in the 
internal organs.” 
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The occurrence of tuberculosis in the domestic 
animals raises points of practical importance, especially 
the occurrence of infection from the consumption of 
meat and inilk from diseased animals. In.. t h e ox the 
tuberculous lesions are most frequently met with in th e 
lymphatic glands and serous membranes, particularly 
thcT pTeura, and in the lungs and liver, while the 
fat and muscular tissues, which constitute tho major 
part of “ meat,” are very rarely affected. On the 
pleura the growths take tin* form of nodular masses, 
which from their arrangement are popularly termed 
“ grapes ” or “ angl e berries.” There can be no doubt 
that, the carcase of an animal extensively affected with 
tuberculosis, especially if wasting has occurred, should 
be condemned a3 unfit for food, and likewise all parts 
in which there are tuberculous deposits. But it 
becomes an important question for the community, 
financially as well as from a hygienic point of view, as 
to the method of procedure with the meat from a beast 
comparatively slightly affected with tuberculosis—an 
enlarged gland or two, and a few nodules on the pleura. 
No doubt the ideal method in such a case is the con¬ 
demnation and destruction of the whole carcase, be the 
amount of tubercle ever so little; but from financial 
considerations this procedure is hardly practicable on 
account of the large amount that would have to be paid 
in compensation. K.xpnrimont. hag..demonstrated that 
the tubercle bacilli are practically confined to-the tuber¬ 
culous areas and are extremely rarely met with in the 
muscular tissue, and these portions, therefore, it might 
seem, could be oaten with impunity, especially as they 
would bo cooked before consumption. As regards 
swine, however, it is generally held that tuberculosis 
anywhere condemns the whole carcase. 

The report of the first Royal Commission on Tuber- 
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culosis, however, indicated two dangers. Eirstlv . in 
cutting lip a carcase the butcher will most likely use 
the same knife throughout, and in this way may infect 
the meat with tuberculous matter by smearing with 
the knife. Secondly, cooking cannot be depended 
upon to destroy the bacilli unless the joints are under 
ti lb. in weight; when the weight is above this the 
temperature in the interior may not rise sufficiently 
high. Evidently onoof the first measures to be taken is the 
abolition of private slaughterhouses and the establish¬ 
ment of municipal abattoirs where the meat would 
have to be passed by competent inspectors. In this 
way all badly affected carcases would be condemned, 
and those only slightly affected could be separately 
dealt with and special precautions taken to eliminate 
tuberculous pieces, etc. 

Tuberculous milk also raises many important points. 
Probably some 10—lo per cent, of till samples are 
infective to guinea-pigs, but this docs not necessarily 
indicate that this proportion would lie dangerous to 
man, for the material is introduced into the guinea-pigs 
by inoculation after concentration by centrifuging 
(see also sect ion on “ M ilk”). Tubercle bacilliaro present 
in milk- nob ouly when the udder is .tuberculous, but 
also wluu i. tbo cows are- suffering from tuberculosis 
elsewhere which is- clivirnlly rnriH/nimthlv. 'I’llus, when 
the lungs are affected, bacilli arc disseminated from the 
air-passages and also by the ftuces. It is noteworthy 
that the incidence of abdominal tuberculosis in young 
children occurs just when cow’s milk in the staple 
article of their diet. At the sumo time this incidence 
does not seem to fall on those who consume most milk. 

\fiw-li might Vi<» l.y the registration of all dairy 

PS&mises, tli p use yf selected cows, the elimination of 
‘’H ^ViheroulffMB animals, and by enforcing the inspection 

22 
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jf-dairy-eattlo by~Gompetept , inspectors at intervals of 
not longer than, a fortnight, making the notification of 
any disease of the udder compulsory, and the sale of 
milk from such a diseased udder illegal under a heavy 
penalty (Roy. Com. on Tuberculosis). In the absence 
of inspection and the use of selected cows, treatment 
of milk intended for the food of infants and young 
children by pasteurisation or sterilisation has been 
recommended, but has disadvantages (see section on 
“ Milk ”). The ideal method, and one which commends 
itself at first sight as being the most satisfactory, is the 
elimination by slaughter of all animals which are tuber¬ 
culous. This was adopted in the State of Massachusetts; 
under an order of the Board of Cattle Commissioners all 
beasts in the State were tested with tuberculin, and every 
animal that reacted was slaughtered, and strict quaran¬ 
tine combined with the tuberculin test imposed on all 
imported cattle. Even in this small state such a plan 
was found to be unworkable, the expense being so 
heavy. A middle course seems to be the only practi¬ 
cable one, viz. all manifestly tuberculous animals, 
especially where wasting or tuberculous udder is present, 
to be slaughtered; other animals to be tested with tuber- 
ouliu, and those which react to be separated from the 
healthy and to be disposed of as soon as convenient, and 
in the meanwhile kept as much as possible in pasture. 

Measures should be adopted by local authorities and 
others to prevent the spread of tuberculosis, and, thanks 
to tlio attention directed to the subject, tuberculosis is 
diminishing. It can hardly be doubted that the disease, 
or at le ast phthisi s , sho u l d be made -notifiable, though 
there are many difficulties in carrying this out. Patients 
* should be warned of the danger of disseminating their 
expectoration, and should usepocket-spittoops containing 
an antiseptic, or handkerchiefs (such as the Japanese 
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paper OSes) 'which can be destroyed. which 

have been inhabited by tuberculous patients should be 
diaiufaabgd, for which purpose Deiepine recommended 
spraying: with„a J-JLOO solution of chloride of lime. 
Although the occurrence of direct infection can rarely 
be proved, the possibility of this cannot be ignored. 
Not only should the dissemination of infection bo 
prevented, but the resistance of the individual should 
be raised by providing a healthy environment and by 
inculcating the importance of fresh air. 

fiezum. . therapeutics and vaccine. —Marugiumo’s 
seyu m is preparedlby injecting cows with watery tuber* 
qulin andywith a bacillary pulp made by grinding up 
tubercle bacilli, emulsifying in water and filtering 
through a porcelain filter. Subcutaneous injections of 
the two preparations are given in increasing doses, 
commencing with 5 c.c. of each, until 20 e.c. is reached, 
the frequency of the injection being determined by the 
temperature reaction and general symptoms produced. 

Maxfflprek’s serum is prepared by growing tubercle 
bacilli in a. ino<Hmn Aotim'gtnig r»f aleucotuxic calf-senirn 
(prepared by injecting calves with leucocytes) juul 
glycerine --liver, bouillon. 1 Tha-Jiitered culture, is 
injected into horses, and their serum, after several 
injections, becomes antitoxic to a slight degree. It 
cannot be said that even encouraging results have been 
obtained with these or other sera. 

1iW tuberculins }i Slid Jill.are 

usually employed (p. 322). Latham has found that 
taberculin given per os produces its characteristic effects. 

Immunity .—-Attempts have been made from time to 
time to produce immunity against the B. tuberculosis, 
particularly in cattle. ‘Thus McFadyean 2 found that 

> Bull de VInst. Pasteur, i, 1903, p. 851. 

* Trane. Path. Boe. Land., vol. UU, 1002, p. 20. 
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heifers which hud previously been subjected to repeated 
doses of tuberculin (old) in some cases resisted infection 
with virulent bacilli. Behring 1 also employed human 
aubcrclc bacilli for tliu vaccination of cuttle.with satis- 
uctory results. His tulaso likowiso confers immunity 
vJicii given citlicr by the mouth or by the stomach. 

Theobald Smith' also concludes that vaccination of 
uilves with the human type ot bacillus is harmless, and 
hat the procedure leads to a relatively high resistance 
o fatal doses of the bovine bacillus. 

Clinical Examination. 

I. The ■■ complain:nt-fixation" test was first used in tulier- 
■ulosis by Wasseriiiuuii and llruek. Tin* method has lieen 
I urt her elaborated by Finery.' He makes use of a standard 
emulsion of tubercle bacilli in salt, solution, containing about 
4 per cent, by volume of solid bacillary substance. This is 
sterilised by intermittent, sterilisation and keeps for four to six 
weeks. 1 ktci11 i from various sources \ary somewhat, so that 
the emulsion should be standardised so as to give an 
absorption-time with normal sent of about 20 minutes, i. e. 
the complement of normal serum should lie just completely 
absorbed in aUuit 20 minutes. A water-bath kept at a 
constant, tempera)lire of 38 ' C. is used to warm all the con¬ 
stituents and mixtures. One part of the serum to lie tested 
is mixed with four parts of the bacillary emulsion in a small 
tulm (»■.;/. a Durham's tills*) in the water-bath, the time of 
mixing Is-ing accurately noted. After 2\ minutes' incubation, 

4 volumes of the mixture are removed by means of a 
capillary pi|iet!e with teat (.Fig. 3.1. p. 225). into which ulso 
a single volume of sensitised corpuscles (i. c. a lnemolytic 
system, p. 101 ) is taken up and the whole is expelled into a 
small tulie already standing in the water-bath. The process 
is repeated after 5, 10. 15 and 20 minutes, and longer if 
1 tint. Med. Jo urn., 100K, vot. ii, p. 577. 

- Jiiio ii. Mi'll. Ren-arch. vol. xviii, 1U0N, p. 151. 

•* Lanctl, lull, vol. i, p. -ISO. 
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necessary. By the occurrence or absence of hiPinofvriis in the 
various tubes, the time taken for the absorption of comple¬ 
ment. is ascertained, the complement used lioing tliaf con¬ 
tained ill the serum itself, wlii.di therefore should Is' fresh. 
A control with normal serum should always be jierformed at 
the same time. With normal serum complete absorption 
should take place in about 20 minutes; with f uliereitloiis sera 
it is often complete in 2.1 minutes. If, then, absorption of 
complement is complete in much less than tin* time necessary 
for absorption with a normal serum, presumably the serum is 
derived from a tulierculous individual. ( Hut set* Union s 
paper for limitations.) 

II. The examination of sputum, etc,, for the tubercle bacillus 
is a routine procedure of the greatest value in forming; a 
diagnosis. Fortunately, owing to the isruliar staining react ion 
of the tubercle bacillus, discovered by Koch, the method is 
comparatively simple. 

L. Sputum. Film sjs'cimens are prepared by smearing 
with a platinum needles little of the sputum on a slide so as 
to form a thill film covering two thirds of the surface, or by 
placing a particle of the sputum on one slide, applying 
another slide, pressing together, and then drawing apart so 
that a thin film is left on each slide. The tliich portion of 
the sputum should Is* used, the thin mucoid portion lieiug 
rejected. If then* are any small yellow caseous particles 
present these should lie chosen, and sufficient material should 
Is* used so as to form a <1 ist inet but not too thick film ■- a litt le 
experience will soon decide the right amount. I’repaintions 
may also Is* made by smearing the sputum on a cover-glass 
or lietwcen two cover-glasses instead of using slides. \V hicli- 
ever plan is adopted, the film is dried and fixed in the usual 
manner (generalIv by heat), and then stained by one of the 
following methods: 

(gy-MM-Kiml Ut method. -Film s|ss imens on slides are 
most conveniently stained by flooding with filton*d, undiluted 
carhol-furhsin and warming for 2 to minutes on a pieie of 
usliestos cardboard supported <>n a tripod, or on a heated 
pennv (p. 114), or slides or cover-glasses flooded with the stain 
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may be held in the forceps and carefully warmed over a 
flame, or the preparations may be immersed in a watch-glass 
or dish of the stain, covered, and placed in the warm incubator 
for half an hour. In no case must the stain be allowed to 
boil; it should only be warmed sufficiently to steam (50°- 
60° C.), and with slides or cover-glasses as evaporation takes 
place more stain (always filtered), or better, 5 per cent, carbolic, 
should be added. After staining, the preparations are rinsed 
in water and are then decolorised by treating with 25 per 
eeut. sulphuric or 30 j>er cent, nitric acid. The preparation 
may be flooded with the acid, but a better method is to have 
a pot (fig. 20, p. 113) containing the acid in which it is 
immersed. In the acid the colour changes after a few seconds 
to a yellowish brown, the preparation is then rinsed in water, 
and some of the pink colour returns. The treatment with 
acid and with water alternately is repeated until the prepara¬ 
tion is nearly colourless when rinsed in water. With sputum 
this is usually the case after three or four rinses in the acid, 
but it varies with the thickness of the film and with the 
number of tubercle bacilli present; when these are absent 
the film often decolorises more readily than when there are 
many. The presence of blood renders the decolorisation 
difficult. After decolorising and washing, the preparations 
are stained for one minute in LdfHer’s methylene blue, washed 
in water, and mounted in water, or, 1 letter, dried and mounted 
in Canada-bnlsam or cedar oil. When the preparation is made 
on the slide, after washing and drying, it can lie examined 
directly without a cover-glass with the oil-immersion after 
applying a drop of cedar oil, unless a permanent/specimen is 
desired, in which ease it should Ik* mounted in Canada-lialsain. 

The tubercle bacilli appear as delicate red rods, often 
beaded or segmented, on a blue background composed of cells, 
mucus, and putrefactive or other bacteria. Occasionally here 
and there a little red colour may be present in addition to 
the tubercle bacilli. Hair and keratiuised material generally, 
such as horny epithelium, and red blood-corpuscles, retain 
the red colour after the foregoing treatment, and the spores of 
bacteria an* also liable to retain the red somewhat persistently. 
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These exceptions are not, however, likely to prove a source of 
error, for the tubercle bacilli should Ik? recognised not only by 
their red colour, but also bv their characteristic size, shape, ami 
general appearance. It is conceivable that acid-fast, bacilli 
not tubercle might be present in sputum, but such an event 
is a very unlikely one. For the microscopical examination, a 
-J-inch with good illumination is sufficient when the tulierele 
bacilli are present in any number. When they arc scanty it 
is necessary to use a - r ' a -iuch oil-immersion, and this is the 
better lens in any case. (See Plate IX., h, and Plate X., a.) 

If tubercle bacilli are not found, other sjieeimeiis should 
be prepared and examined. It in only by repeated ejraminai 
t ion ft on different occanionn that the negative evidence, tint 
absence of tuliercle bacilli, heromett of tiny value. 

The tubercle bacillus is occasionally not acid-fast. 1 ; probably 
Mm Willi in such cases are degenerate, and, like all degenerate 
bacteria, fail to stain well. J)old has examined a nutidier of 
methods that, have recently lieen introduced for staining and 
differentiating the tubercle bacillus, but docs not find that any 
presents a marked advantage over those usually employed. 
In material which has been preserved a long time, e. g. sputum 
with carbolic, or tissue in spirit, the bacilli may l»e much less 
acid-fast than in fresh material. 

Various methods have ls*en recoin mended for tin* solution 
of the sputum and the examination of the sediment, of tin* 
bacilli. In o ne. mcU i pd ft y.c. of sputum arc mixed with SO cx. 

.» fr l . V Ll KO H solution; thnjuil0im‘...i>3.. -£armyd in a 
watec.--bath.taiiO\jB5!.C, until the sputum is dissolved (about 
3 hours) ; 50 c.c. of cold, water.arc. next added, the whole is 
well shaken, and again warmed for J hour. Petroleum ether, 
2 c.c., is next added, the whole is well shaken, and is then 
kept at 60° C. until the ether has separat«*l. The bacilli 
will lie concentrated in the Huffy layer at. the junction of the 
ether and water; this is pipetted off and films are made with 
it and stainpd. Antlfannin (a mixture of is si mm hyjs>- 
chlorite mid sod ium hydrate) has also lsv*n r**com mended. 
Into a Isdling-tulie or small flask of 50 c.c. rapacity, ■» c.c. of 
1 Sfcc Lanret, !«#», vol. i. p. 1222- 
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the sputum are introduced. To this are added-. 2 5 ,c x ,.jQ f 
antifprmin solution (l£L-2Q-per.ceut. aqueous soJutioja). diluted 
with .10-20 c.e. of water according to tho density of the 
sputum. The mixture is well shaken until homogeneous 
(about 15 minutes), then centrifuged, the deposit is washed 
three times with salt, solution by centrifuging, and films are 
made with the washed deposit and stained by the Ziehl- 
Neelsen method. 

If it is inconvenient to examine the sputum for a day or 
two a little 1 20 carbolic should lx* added. This preserves 
the sputum and the tubercle bacilli retain their staining power 
for some time. 

If the tuliercle bacillus cannot be detected microscopically 
after repeated examinations, and a certain diagnosis is 
important, the inoculation method may l>e employed. 
euupleof ■ guinea-pigs are inoculated subcutaneously,.in, the 
thigh.or, abdomen with 0'5 to 1 c.c. of the sputum. If 
tubercle,bacilli ore present the animals will show signs of 
tuberculosis in three to six weeks (see below, “ Urine ”). 

( l^Jddbbetmethod .—Prepare and stain the specimens in 
carbol-fuchsin as in method (a). Then wash and treat with 
tho following solution for two to three minutes; waslj^dry, 
and mount.: 

.Alcohol.50 parts 

Water . . . . . . 30 „ 

Nitric acid . . . 20 „ 

Saturate with methylene bine and filter. 

The solution both decolorises ami counter-stains. 

? ' r; —The histological appearance of the tuliercle is 
usually sufficient for diagnostic purposes without the 
demonstration of the tubercle bacilli, which in many instances 
may lie difficult in human material, as the bacilli may lie very 
scanty, or practically impossible to find, e tj. in lupus. Sections 
should be prepared either by the freezing or the paraffin 
method, stained with hasmatoxylin, and counter-stained with 
eosin, or omnge-rubin, or with the Ehrlich-Biondi mixture. 

In onler to demonstrate the tuliercle bacillus in fresh 
tissue smears may lie made aud stained like sputum, or 
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sections prepared and stained in warm carhol-fuehsin for 
aboutJfiS minutes. For frozen sections (lie slain lnav lie 
contained in a watch-glass or small glass capsule, and is 
warmed until it steams, but not boiled, on a piece of usliestos 
cardboard or a sand-bath. Paraffin sections should lie fixed 
to the slides with glycerin albumin, and may lie stained by 
flooding with the carhol-fuchsin and warming on asliestos 
eardlwmrd, or a heated penny, for ten minutes. After staining, 
the sections are washed in water and are then decolorised in 
25. per. cent, sulphuric acid. This is a longer process than 
with sputum, and the sections after lining in the acid for a few 
seconds are washed in water and then returned to the arid, 
and this alternate rinsing in acid and in water is rcjieuted 
until they are nearly colourless when placed in water. It is 
not necessary to remove the colour absolutely; a faint pink 
remaining does not matter. After rinsing in fresh water to 
remove all the acid, the sections are counter-stained in bottler's 
niethylsne blue for two minutes, rinsed in methylated spirit, 
passed through absolute alcohol somewhat rapidly to avoid 
removing too much of the blue, cleared in cedar oil or xylol, 
and mounted in balsam. The sections may also lie counter- 
stained with hsematoxylin or Bismarck brown. 

Instead of using the strong acid solution for decolorising, 
an acid alcohol solution may be used with advantage, 

Oram’s method may also Ik- used, but is. of course, not 
distinctive for the tulierelo bacillus. 

^Thri fallowing is n good method for staining tubercle in 
sections (Kiilinc, modified by Delcpine 1 ): 

(a) The tissues should Is* fixed in corrosive sublimate, acidu¬ 
lated or not, hardened in alcohol, cntlicddcd in paraffin, and 
the sections fixed on slides with glycerin ulbiuuin. 

(5) The sections are stained with hicmutin solution for ten 
to twenty seconds to obtain a pure nuclear stain < not tood<>ep), 
then washed thoroughly in water. 

(r) They are then stained with earlxd fuchsia, kept at a 
temperature of alsrnt 4 7 ° C. for twenty to thirty minutes. 

• See Ueil. Ckronirlr, vol. v, 1WW, p. 17. 
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The slides are during that time kept in a moist chamber to 
prevent the Stain from drying on the specimen. 

(d) The stain is rinsed off with water, and the sections are 
treated with 2 per cent, watery solution of hydrochloride of 
anilin for a few seconds. 

( e ) The sections are then decolorised in 75 per cent, alcohol 
till they are apparently free from stain; this will take from 
fifteen to thirty minutes. 

(/) They are then counter-stained with a solution of orange 
(one part of saturated watery solution of orange to twenty to 
forty parts of 50 per cent, alcohol), dehydrated, cleared, and 
mounted. 

Whore a positive diagnosis is important., a small piece of the 
tissue may lx; inserted under the skin of the thigh or abdomen 
of a guinea-pig. If tuberculous, the animal will show signs 
of tuberculosis in two to three weeks (nee below, ’‘Urine”). 

Cover-glass specimens of pure cultivations of the tubercle 
bacillus maybe stained in warm carbol-fuehsin for two to five 
minutes, rinsed in the sulphuric or nitric acid solution, 
washed, dried, and mounted. They can also lie stained by 
Oram’s method, which usually brings out the beaded appear¬ 
ance very markedly. Differentiation from the leprosy bacillus 
will Ixi found at p. 356, and from the smegma bacillus and 
other acid-fast organisms at p. 357. 

3, . TTrin.fi --The tubercle bacillus is often very difficult to 
demonstrate in urine. The urine must lie allowed to stand in 
a conical glass for twenty-four hours or centrifugalised, and 
film specimens are prepared with the sediment and treated by 
one of the methods for sputum given above. Several speci¬ 
mens should be mode and must be very carefully examined. 
Jit is important to exclude the smegma bacillus, and the 
urine is preferably drawn off by a catheter. Staining may be 
carried out by Housell's method, by which the smegma bacillus 
is decolorised, viz. after staining in warm carlxd-fuclisin the 
specimen is washed and dried. It is then immersed in acid 
alcohol (alcohol + 3 per cent, hydrochloric) for ten minutes, 
washed in water, counter-stained for a few seconds in a 
saturated alcoholic solution of methylene blue, washed, dried, 
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and mounted (see also p. 357). An electrolytic method for the 
concentration of the tubercle bacilli has been devised by Kims. 1 

If a diagnosis is of importance inoculation should be 
resorted to. Two guinea-pigs are inoculated sultcntaneously 
in the thigh or abdomen with 0 5 to 1 c.c. of the do{>osit 
from the Bediinented or ceutrifugalised urine, or one mar Ite 
inoculated subcutaneously, the other intra-peritoneally. If 
tubercle bacilli are present the animals may show signs of 
tuberculosis as early as two to three weeks after inoculation. 
Delcpine 2 recommends the inoculations to be made on the 
inner aspect of the leg about the level of the knee. The order 
of infection after inoculation is as follows: the popliti*al, 
superficial and deep inguinal, and sub-lumbar glands, the 
retro-hepatic, mediastinal ami bronchial, deep cervical, ami 
subscapular glands, the spleen, liver, and lungs. The inocu¬ 
lated animals are killed in two to three weeks, disserted, and 
the lesions examined microscopically. Olliers inoculate two 
guinea-pigs, one BulKMitaneoiisly.in the abdomen, the other 
intra-pcritoneally. Negative results arc nearly as valuable as 
positive ones. 

In fteret, if definite yellow caseous particles can Is* found, 
these should lie picked out, and films made and stained. Anfi- 
formiu may also be used. Alsmt a cubic !, in. of fieces is 
mixed with 20 c.c. of^l5 per cent, aqueous antiformin in a 
conical glass, will agitated and broken lip, and an equal 
volume of the dilute antiformin is then added. The mixture 
is allowed to stand for an hour, and films are prepared from 
the white curdy layer which forms, stained, and examined. 

4. Mil k .—See section on milk (Chapter XXI). 

III. w/i rkinn ..— The method of agglutination 

was proposed by Arloing and Courinout for the diagnosis of 
tuberculosis, but is difficult to carry out and is not much 
employed. A special method has to Is: employed to obtain 
homogeneous cultures of the tubercle bacillus or a powder of 

1 Proe. Boy. Hoc. Land., B. 1009. 

a Brit. Med. Journ., 1H03, vol. ii, p GO*. The results only apply to 
ordinary forms of tuberculosis, and n»t to certain modified forms such 
as lupus and the avian variety. 
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pulverised or ground-tip bacilli may lie used: this powder 
may lie purchased. Tho reaction may lie carried out either 
microscopically or inacroscopically ; for the latter Biuall sterile 
test-tulies may l»e employed. For each test three dilutions 
of the serum are made, a 1 in 5, a 1 in 10, and a 1 in 20, and 
the tulies filled with these dilutions are allowed to stand in an 
inclined position (45°; for five to ten hours. In man the 
serum of normal individuals may agglutinate up to a dilution 
of 1 in 5, while in animals this is variable—imperceptible in 
the guinea-pig, rabbit, and calf; feeble in the goat; in the 
adult ox up to 1 in 5, but in the dog it may lie up to 1 in 10 
or even 1 in 20. 

A positive serum reaction in a suspected subject is a sign of 
great value in establishing the diagnosis; a negative serum 
reaction is of less value. 

IV. The opeonic method .—The general mode of carrying 
this out is descrilied at pp. 224-230, the tulierclo bacilli being 
suspended in Tfi per cent, salt solution. 

V. .Tuberculin reaction*. — The nM-44*lieretili«--m-used-for. 
diag nostic purposes ; it is not perhaps very safe. A dose of 
0 002 c.e. is injected subcutaneously, and the temperature 
taken four-hourly during the succeeding thirty-six hours. A 
rise of 2° 3° F. or mow ensues a few hours after injection in 
tulierculous subjects. If no reaction occurs another dose of 
O’rtOil c.e. may lie given after the lapse of some days. 

This method has now almost completely lieen superseded 
by the cutaneous or by the ophthnlmo reaction. 

The cutaneous tuberculin reaction .— Vim Pir t put 1 ' discovered 
that when tuliereulin is introduced into the superficial layers 
of the skin of tulierculous individuals, as in vaccinntion, a 
reaction occurs consisting of the formation of a papule with 
redness, slight swelling and exudation, and sometimes small 
vesicles. This reaction is usually at its height twenty-four to 
forty-eight hours after inoculation. In healthy individuals no 
reaction follows the inoculation. The method is to scarify a 
small spot on the forearm through a drop of a dilution of the 
old tuberculin, and protect- the patch with a simple drv 
1 M'lfi*. med. I for*., July Qtli, 11107. 
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dressing. Mom lias mollified the method by applying the 
tuberculin to the skin in the form of ointment. 

'CAe■ .upkthalmu-.tuJtmcaiUii react im.- -CaLuidJU? transferred 
the site of inoculation from the skin to the conjunctiva. He 
makes use of material prepared by precipitating the old tulier- 
culin with alcohol, of which a 1-100 solution is prewired in 
distilled water. One drop of this is instilled into the inner 
half of the conjunctiva of one eye. In tuberculous individuals 
a reaction follows, usually in six to sixteen hours after 
medication, consisting of a conjunctivitis, ringing in intensity 
from a local redness to a redness extending over the whole 
eye and having the upjiearance of an acute conjunctivitis. 
The reaction soon passes off. generally without leaving ill 
effect. Ou the whole the reaction ;ip|>curs to be fairly constant 
in tulierculous individuals, but. absence of reaction is not 
certain proof that the case is not tuberculous. 1 

VI. Tuberculin fur veterinary une. The dose of the 
various preparations in the market varies according to their 
strength; it corresponds to O'I c.c. or 0'2 c.c. of Koch's 
original tultereulin. 

(n) The dose is injected subcutaneously in the iu*ck. 

(6) The !eii]|>erature should lie taken immediately previous 
to inoculation, and, if possible, morning and evening for t wo 
or three days previous to inoculation. 

(»•) The tein|s‘Riture should Is* taken at the twentieth 
hour after injection, or, if it can lie done, at frequent, intervals 
from the twelfth to the twentieth hour. 

(rl) The reaction consists of a rise of tcni|icruture of l-.V 
to 6° F. above the average normal, occurring eight to twelve 
hours after injection, and lasting twelve to fourteen hours, 
accompanied bv some systemic disturbance. 

(e) A healthy animal is unaffected by the injection, ami 
if an animal lie very extensively affected with tula-reiilosis the 
reaction may not lie given, or may lie masked by the febrile 
condition present. 

An ophthalmo-reaction may also Is* employed in cattle. 

1 Bee articles in Brit. Med. Jours, and Lancet, 11)07, vol. ii.and 1908, 
voL i. 
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Johne’s Disease. 

.Tnlina’a ilimum,' a bovine .enteritis, is diia.J^> aa. aaid-fa8t 
bacillus closely resembling the tubercle bacillus in morphology. 
It occurs in scrapings of the affected mucous membrane of 
the bowel, and also in sections of the intestinal wall. The 
JTohne bacillus is not inoculable into the guinea-pig or rabbit, 
and does not grow on any of the ordinary laboratory media. 
Twort states that it can be cultivated on the medium employed 
by him for growing the leprosy bacillus (p. 354). 

Pseudo-Tuberculosis. 

The term “ pseudo* tuberculosis ” (which is not a 
good one, and should be discarded) has been applied 
to a nnmber of different conditions which have as a 
common character the presence of tubercle-like nodules, 
but which are not caused by the tubercle bacillus. 
Such are produced by certain parasitic worms, by 
Blastomycetes, Streptothrix and Aspergillus, Protozoa, 
and by several bacteria. 

Pfeiffer's Bacillus pseudo-tiilerculosis produces nodu¬ 
lar deposits in the organ, accompanied by wasting, very 
like true tuberculosis. The disease, however, runs a 
more rapid course, death ensuing in the guinea-pigs 
two to three weeks after inoculation. Guinea-pigs, 
rabbits, mice and monkeys can be readily infected. 
The nodules consist of masses of round cells which 
undergo necrosis and caseation. The bacillus in the 
tissues is not readily stained, carbol-metliylene blue 
being the best solution, as it is not acid-fast, nor does 
it stain by Gram's method. Morphologically it hi a 
small rod 1—2 p in length, usually non-motile, although, 
according to Klein, it possesses a single flagellum or 
two flagella at one end. On gelatin it forms a whitish 

1 Saw Kssi'ttdyean, /aunt. Comp. Path, and Thtrnp., vaL xx, 1907, 
p, 48. ‘ 
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growth without’ liquefaction, liko that of the colon 
bacillus, but confined to the needle-track. It produces 
alkali, forms no gas, and does not curdle milk. .Broth 
remains clear, with a whitish stringy tlocciileut deposit. 
The bacillus grows readily and rapidly. 

MacConkey has found that the fermentation reactions 
of this organism and of the plague bacillus are practi¬ 
cally identical (see “Plague,” p. 416), and sterilised 
cultures of either will protect against the other. 

Ovine caseous lymphadenitis, a disease of sheep 
simulating tuberculosis, is due to a short plump bacillus 
with rounded ends which stains well by Gram’s method, 
and grows best on blood-serum, on which it forms 
greyish colonies. 1 


Leprosy. 

Leprosy, the elephantiasis Grtecurum or true 
elephantiasis, is a disease which has existed from 
the earliest times, and was recognised by the ancients. 
It was undoubtedly somewhat prevalent in the British 
Isles from the twelfth to the fifteenth centuries, as tho 
many leper houses and enactments against lepers testify. 
At the same time, no doubt a number of other skin 
diseases, syphilides, psoriasis, lupus, etc., were at that 
early period of medical diagnosis confounded with it. 
In the present day leprosy, although extinct in the 
British Isles, may be said to have a world-wido distri¬ 
bution, for it is met with in Iceland uud Scandinavia, 
Russia and the Mediterranean coasts; in Persia, India, 
China, Siberia, and Japan; in Africa from north to 
south, in the American continent in many districts, and 
also m the Pacific Islands. Thrvv of leprosy 

are described —t.li«» r.nbpif.nln±«fl or nodular, zthe .aiUBB- 
tbatin , andatha mixed. 

1 Siateentk Ann. Rep. Bureau of Animal Induet. U.B.A., p. KW. 
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?fflfih ronffn nf spuml-ia probably u y pT—ml ■ , -rtr'~t 
(though possibly insects play spine part), end throughout 
ancient ajid medieval times leprosy was considered to 
be a contagious andcbmtnunicable disease, as witness 
the stringent regnlations in the Mosaic and other laws 
for the segregation of lepers. J.—Hnfohingon supposes 
|h a t fl a b , in the d ie t, p a rticul a rly if stale, decomposed, 

_ K r#V "itrbib in ffmrfl gnpr, 1" » par""*”— -*mrW; but 
he Unpractically alone in this view. 

. , A bacillus, the Bnn7/ns (fljtrr, is aban dan t ■ 1 hr* the 
tUaufis, and was discovered by Hansen in 1879. In 
form it reaauLhles..tliQ-~tuberole -b«©illu8, bat is slightly 
mpra. jilfiwtl er j it probably dogs, n gjLj jam-japoreg. 
thpugh ip stained preparations the same , irregularity in > 
staining—-namely, the occurrence of unstained inter- 
Vals, the so-called “beading”—is met with as in the 
tttbercle bacillus, and is assumed by some to be due to 
the presence of spores. The organism as obtained from 
the tissues is muisXUOtile, stains readily witA the-ocdiaary 
a nili a- dy es, and bv^i iram’s meth od, which brings out 
the beaded appearance very well, and is maxkedly^&pid-. 

thus closely resembling the tubercle bacillus, and 
the methods used to demonstrate it are the same as for 
..the latter organism. 

The , „ito—7to» Uprw is fetmd4»- on er iinn ii i mmi bers, 
■ ji a n a lly . cro wded, to gether in,bundles or masses, in the 
^pto Htt. wf^nte» ,i ft. Jthe~akin (Plate X., a), tivw, spleen, 
id, t es t i cl es, and in-thn affected nerve* in *"”»*- 
i it has also been fnttnA tka but 

m the febrile paroxysms which set in when the 
» approaching a fatal termination. The exkefc 
. of the leprosy bacilli in the tissues has been 
/matter of controversy. By some it has beep' bold: 
r ATtottatfaipiA. within.,rettoiw mnnriL 
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an inconsiderable extent. Unna has always regarded 
these leprous cells as really being transverse sections 
of lymphatic vessels containing bacillary thrombi, and 
this seems to be usually tlio case. Giant-celts are 
occasionally present in the loprous nodules. O ne of 
th e, most constant and earliest situations in which the 
£LJ «■ hrtlte~nasal mucous membrane. 

Although the organism is present in such enormous 
numbers and is so readily demonstrable, it is very 
difficult to cultivate on artificial media and to inoculate 
into,, animals. Babes, Bordoni-Uffrcdnzzi, Oznplcwski, 
are some of those who in the past believe that they 
have cultivated the leprosy bacillus. Van llouten 1 
claimed to have succeeded by cultivating in glycerin 
ti sli hr ntb- The bacillus cultivated was ucidslast, and 
agglutinated with, and was sensitised by, lepers* 
serum. 

Hajceke,* by taking fragments of leprosy tissue and 

i-ln tinn nt a ? 9 f — r * a growth of a semi-acid-fast 

stre ptothry^ S. lepr oides . He is uncertain if this is a 
true growth of the leprosy bacillus. Injected into 
leprosy patients it seemed to produce a beneficial 
effect. The acid-fast property resides in a -fatty 
substance—-which can be extracted with solvents, 
particularly benzoyl chloride. The. -£atty substance 
Deycke ternjs “ nastin ” ; it is a neutral fat, the glycerin 
ester of a fatty acid of high molecular weight. Iujected 
into leprosy patients it sometimes produces marked 
reaction, sometimes not. I n solut i o n in ben zoyl-chloride 
-it , is much morc ac tive. and Deycke hopes that it will 
act as a curative vac cine in leprosy. On the whole, 
the results obtained with nastin have been disappointing. 

1 /mini. Path, and Baet., vol. vlil, 1903, p. 280. 

* Brit. Med. Journ., 1908, vol. 1, p. *8. 
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Twprt 1 claims recently to have cultivated the B-2eprtr 
oil.£l madhim-coiisistiug of eggs, glycerin and ground¬ 
up tubercle bacilli. Clegg states that the leprosy 
bacillus will grow in symbiosis with amoebae, and Duval 
that it grows in 1 per cent, human serum in symbiosis 
with some bacteria. 

In ■ 1904 Rost announced that he hod obtained 
cultures of the leprosy bacillus in a chlorine-free 
medium, but this was not confirmed. Ln- 1909 he 
again claimed success by cultivating in a medium con¬ 
sisting of the fluid obtained by the..steam, distillation uf 
rotten fish to which is added a little Lemco broth and 
milk, and llannennan bolieves that he is correct. 2 
Williams has grown a non-acid-fust streptothrix in 
ordinary broth, ami has also cultivated acid-fast bacilli 
in a modified Host medium (substituting distilled water 
for tlio fisli distillate). The writer lias also grown a 
non-acid-fast streptothrix from a case of leprosy on brain 
agar containing the juico from disintegrated B. vipi/a- 
teriinn. The fact seems to he that the / / . I tf wm -bv 
re a ll y -a streptothrix, that it is .acid-fust only under 
certain conditions, vi/.. in the body or in media 
containing fat, and that the streptothrix may brenk up 
into non-acid-fast diphtheroid bacilli or into acid-fast 
leprosy bacilli in cultures. 

A certain number of positive results of the inoculation 
of-lftprous material into the lower animals have been 
reported by Ortmann and others. Nioolle- 3 has reported 
the successful inoculation of a macaque monkey, but 
most of the attempts lmve ended in failure; positive! 
results are open to criticism and may be fallacious, foil 
lepers not infrequently suffer from coincident tuber-/ 

1 Pror. tiny. Soc. Land., B., 1011 . 

* See Sr. Mem. Onv. of In din. No. 43, 1011. 

■ C'oNijp. Bend. 4rod, 8r., 1003. 
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(culosis, and the animals therefore may have been 
infected with tuberculosis. Japanese danoingiiHce art' 
also stated to be Rlightly-suaeeptihlo. The loc-nl lesion 
induced in animals may be simply inflammatory, pro¬ 
duced by the leprous material acting' as a foreign body, 
and the bacilli may be diffused without proliferating. 
Human beings have also been inoculated, but the 
positive results obtained are all open to objection. 

The differentiation of leprosy from tuberculosis, 
although the bacilli are so similar, does not in the 
majority of eases present much difficulty. ' The large 
number of bacilli ju-eseut in the skin and in the leprous 
lesions elsewhere forms a marked distinction from 
tuberculosis, while thv-iJl«cillun Irpnr stains more 
rnadily and with watery solutions in a shorter time than 
does the lhirill.nn tuhrrcuhmis, though this distinction 
is hardly marked enough for diagnostic purposes. 

Caws of -leprosy, both of the nodular and aiuesthcfic 
varieties, have been treated with injections of Koch’s 
t uberc ulin, which lias been found to produce a certain 
amount of reaction followed by some amelioration in 
their condition. Host and Williams with their cultures 
have prepared vaccines with which treatment is being 
pursued. 

Dean 1 and others have met with u leprosy-like disease in 
the rat. Nodules are found in the tissues which contain 
largonumbers of an acid-fast- bacillus closely resembling the 
JL.leprt»\ The organism eanuot !*• cultivated. Inoculated 
into rats it reproduced the disease after some months, bill had 
no effects on guinea-pigs. 

Clinical Examination. 

(1) If cutaneous nodules be present,one is clamped, pricked, 
and specimens are .pnapaJMdwitli the juice that, cxildcsaild 

stained as for tuliercle. The occurrence of large iiiiiiiU-rs of 
* Josm. »/ Hyg., »ol v. 1903, p. 99. 
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bacilli, having the same staining reactions as the tubercle 
bacillus and obtained from the cutaneous structures, is 
diagnostic of leprosy (the smegma bacillus may be present-on, 
liu.t not in, the skin). 

(2) In the tissues the diagnosis must lie based on the 
presence of the bacilli in large numbers in the so-called 
leprosy-cells. 

Tissue sections are stained in the same manner as tulter- t 
culous material. 

(3) Leprosy is not iuoculable in guinea-pigs. 

N.li .—It must, lie reinemlered that lepers not infrequently 
suffer from coincident tulwroulosis. 

(4) The differentiation of the leprosy from the t,ul>erele 
bacillus by Htniuing methods cannot lie said to he satis¬ 
factory. By staining in a saturated aqueous solution 
of fuschin in the cold for five to seven minutes, and subse- 
jq neatly decolorising with acid alcohol (nitric acid 1 part, 
alcohol 10 parts), it is stated that the leprosy bacillus is 
stained, the tubercle bacillus not. 

The Smegma Bacillus. 1 

The smegma bacillus is an organism found in the 
smegma praqmtii, between the scrotum and thigh, and 
between the labia. It also occurs in the cerumen, 
occasionally on the skin, and possibly in the sputum. 

It is n-small bacillus roscmbling the tubercle bacillus 
in size and appearance, and, like the latter, is difficult 
to stain, but when stained with cnrbnl-fnchsin, retains 
the colour after treatment, with a 25 per cent, mineral 
acid (Plate X., b) ; it is also Gram-positive. It 1ms, 
therefore, to he distinguished from the tubercle bacillus 
in certain localities, viz. in urine and about the external 
genitals, it is nou-inpculable on animals, and dpes-not 

1 See Czaplewuki. Afiinrh. mtd. H'nch., 1897, No. 43 j Qi-iliihauin. 
Lanrtt, 1897. vol. | ; Nenfeld, Arrh. /. II y giriie, xxxix, p. 184; 
ZiitKhr. /. Hyg., xxxix, 1901 ; and Moeller. Centr./. Balt., xxxi, 1902 
(Originals), p. 278, 
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usually grow in primary cultures on ordinary media, 
but can bo isolated by the use of blood-serum or 
HHtrose-agar, on which it forms delicate, ropy colonics. 
After isolation it grows freely on agar us a thin, slightly 
brownish, creamy layer, in which the bacilli may be 
very short but retain their acid-last properties ; on 
potato it forms minute (()•.>—1 mm.) greyish colonics, 
it has been suggested that the syphilis bacillus of 
liiistgarten is identical with the smegma bacillus ; 
neither is decolorised by luistgurtcu's permanganate 
method, but while the smegma bacillus alter staining 
is with difficulty decolorised by acid, ami is easily 
decolorised by alcohol, the reverse is the case with 
IjUstgarten’s bacillus. 

Staining and Differentiation. 

Cover-glass s|M*rimcns of smegma, may Is 1 stained in 
exactly the same manner as for tultcrrlc, after trealing the 
preparations with ether to get. rid of tatty material. 

The urine should be drawn oil' with a catheter when it into 
l>e examined for the tulierrle bacillus: this will generally 
exclude the smegma bacillus. Young and Churchman 1 
conclude that the smegma bacillus is a scant invader of the 
male urethra, and that by washing the glunsand irrigation of 
the urethra it‘may Is-eliminated from the urine. 

If there is reason to suspect the presence of the smegma 
Imcillus when staining for tuliercle, Bunge and Trauteroth- 
recdminend that, the cover-glass specimens should lie treated 
as follows: 

(1) Immerse in absolut« alcohol for three hours. 

(2) Immerse in 5 per cent, chromic acid for tifteciMiiinutee. 

(2) Slain in warm carbol fuschin. 

1 John$ Hopbine Unapitnl Rep., vol. xiii, llKXi, Ji. l‘>. 

• ForUchrit. Her Med , xiv. INlHt, Nos. ~-l and 2t. Ken also ibid. 

No. 0. 
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(4) Decolorise in 25 per cent, sulphuric acid for two to 
tliree minutes. 

(5) Counter stain in a concentrated alcoholic solution of 
methylene-hlue for five miuutcs. 

The smegma bacillus will Imj decolorised by this method (see 
also p. 34ti). 

Coles recommends (Journal of Stain Medicine, vol. 
xii, 10O4, p. 22o) the following staining method: 

(1) Spread thin and even films on slides, and fix by heat, 
in the ordinary way. 

(2) While still warm from the heat fixation Hood with 
filtered carhol-fuschiu, and allow the preparation to remain 
for half a minute. Again warm for a a few seconds over the 
Hume without actual boiling. Allow it to stand and stain for. 
seven minutes. 

(2) Wash thoroughly in ruuuiug water, and then decolorise 
in either of the following solutions: 

(<i) In Pappenheim's notation. 1 Place the preparation in 
a wide-mouthed bottle containing the solution for not less 
than four, and not longer than twelve, hours. Wash, dry, and 
mount. Tubercle bacilli are the only organisms stained red. 

(6) In Pappenheim's notation without methylene-blue. 
Proceed as in (a) ; wash in water and counter-stain for a 
minute in weak aqueous methylene-blue solution. The 
tultercle bacilli are brilliantly ml. 

00 In 25 per cent, sulphuric arid. Pour on a few drops 
of the acid and allow it to act for half a minute. Pour off, 
and then place the preparation in a wide-mouthed l>ottle 
containing the acid for not less than sixteen hours and not 
more than twenty-four hours. Wash thoroughly, counter- 
stain with weak aqueous metliylene-ldue. Tulsuvle liacilli 
are the only bacilli which lvtain the ml. 

Acid-fust bacilli in milk and butter. 'Numerous acid-fast. 

1 Pappenheim's solution consists of ono part of comllin (rosolie acid) 
in 100 parts of absolute alcohol, to which methyluuc-kluu is added to 
saturation; 20 parts of glycerin arc then added. 
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bacilli have lseen obtained from milk and butter. They 
usually grow freely and quickly on agar and on gelatin 
without liquefaction, sometimes as a creamy layer, sometimes 
as a dry, crinkled film, which may l»e pigmented (yellow, 
orange, pale brown or brick red). Some are pathogenic to 
guinea-pigs by massive intra-peritoneui inoculation only, 
producing a plastic peritonitis, but not nodules in the organs. 
In culture, the bacilli are acid-fast and occasionally resemble 
B. tuherculonin, but are geneuerally thicker. (See Petri. Arh. a. 
*il. Kain. Gesund/ieihiainlc, xiv, 1897 ; Kabinowitsch, Xeilichr. 
/• xxvi. 1897 ; Grassberger, Munch. turd. Wurh., 1899, 
Nos. 11 and 1*2; Tobler, ibid., xxxvi; Swithiubauk and 
Newman, Bactvrinlnijy of Milk | Murray. lPtKii.) 

Grain bacilli and mill liacillui. - Moeller isolated from a 
grass (Pitleant arcane) an acid-fast bacillus which lie termed 
the Timothy -grass bacillus ; other grasses also yield acid-fast 
Isu'illi (Grass Bacillus II.). They grow readily on culture 
media, and are not. so acid-fast as the tulterclc bacillus. The 
Mist bacillus was isolated from dung, and is considered by 
Peltersson to lie identical with the Timothy-grass bacillus. 
(See Moeller, Dcuhch. metl. Wadi., 1898. p. 379 ; Herr, 
Xeitnchr. f. Hij/j., xxxviii, 1901 ; Petterssoii, Bert. Id in. Wurh., 
1899, p. 602.) 


a landers. 1 

Glanders is n disease which has been known from 
the earliest times, being recognised by the Greek anil 
Homan writers, by whom it was termed /oiAic ami 
malic uh respectively. It is distinctly a disease of the 
llgrxo, mule, and ass, but is also communicable to man 
ami to certain other animals. It is caused by a small 
bacillus discovered by Lbttier and ttehidz in 1882. 

In,. lli.e..hocae the lungs are always affected, and 
frequently the nasal mucous membrane (Fig. 39). 

1 Sets McFmlycau, Jonrn. of State Med., vol. xiii, 1U05, x>I>- i, (W and 
123. 
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Nodules form which afterwards break down and 
qlcerate, and a muco-purulent discharge appears; in 
the older writings the name “ glanders ” covered only 
those advanced cases of the disease. In “ farcy ” th e 
lymphatic.vessels and glands are affected, the enlarged 
glands being known as “ farcy buds ” (Fig. 40). 

In man the disease is rare, an average of four deaths 
per annum being caused by it in this country. It 
occurs in two forms—the acute and the chronic. The* 



['/* M ■-»*- - - -■- /mV.'.' r 1 J 

Flu. 31).—Nasal septum of gliuuU-retl horse, showing ulceration of 
Schneiderian nieiuhnuie (MoFmlyonn). 

former is u very serious affection, accompanied by high 
fever, prostration, and dulirium, and almost invariably 
fatal in from two to three weeks. The seat of infection 
is usually the hand or arm, the nasal mucous membrane 
being sometimes subsequently involved, and deposits 
may form in the lymphatic glands, internal organs, and 
muscles. In tlio chronic fo r m -rntra-m u s cul a r a bsces ses 
are frequent, from tlio breaking down of which indolent 
ulcers may result 5 the disease runs a prolonged course 
of weeks or oven months, and about half the cases end 
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in recovery. In the early stage an .eruption nhy 
d eveloa._o.i t—tiuu-ftmdiead and faco simulating very 
closely that of smallpox. 

The Glanders Bacillus. 

The glanders bacillus (ILjmullei) is an obligatory 
parasi te with the equine species fur its normal host. It 
haiilly. 4 jmwa. 0 u artiliciaLmediu below about 20 ° 0 ., and 



Flu. 40.— Horse affected with farcy (McKmlycnliJ. 


probably cannot maintain a saprophytic existence out¬ 
side the animal body. 

MtiwJiology .—The glanders bacillus occurs in the 
tissues as a cylindrical roil with rounded ends, varying 
between 2 11 and ~> n in length, mid generally straight, 
though Rouiutimes slightly curved. The bacilli aro 
usually itxegolarly scattered, anil do not tend to form 
colonies. In stajuud, .preparations they often appear 
m ore or 1 ur« beaded, or may exhibit bipolar staining, 
but some stain uniformly. Tlie bacilli from young cul¬ 
tures not more than twenty-four hours old are almost 
always short rods, a little thicker than those found In 
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the lesions (Mato XI., a). In old broth cultures the 
surface growth is largely composed of filaments, which 
do not show any regular segmentation, but may exhibit 
lateral branching, and may have club-shaped extremities. 
From these features some have inferred that the glanders 
organism bel ongs to t be kHrujdvthricu:. The bacillus 
(lues not forn^spores, and is probably non-uuitilc, though 
in a hanging-drop preparation a very active Brownian 
movement is present. 

Hiuiuiujf Ji-eiulioiif. —The bacillus is (luuu-. negative, 
and '» l, t |t from young cultures stain s 

reuilily .Avii.h tin; ordinary unilin dyes. In smears of 
glanders or farcy material, a simple staining with any 
of the basic unilin dyes, with subsequent deeolorisation 
witli dilute acetic acid, suffices to demonstrate it if it is 
present in any number, a difficulty in recognising the 
organism being the presence of deeply staining nuclear 
detritus. In sections, laetlvyleiuj-blue -staining—with 
deeolorisation in dilute acetic and mordanting with 
tannin gives the best results (p. 369). The bacillus 
shows dark staining dots when treated with osmic acid, 
suggesting fat-globules (Slmttoek). 

Cultural chararlr.ru .—The line ill tut mallei is an aerobic 
and facultatively anaerobic organism. The growth on 
gelatin at 22° U. is scanty and pale brownish in colour 
with6ut liquefaction. On glycerin agar it forms a thick 
cream- or slightly brown-coloured growth, and on blood- 
seruih a somewhat amber-coloured growth, which after¬ 
wards becomes brownish. The? growth on potato at 
37° C. is most characteristic, ami practically diagnostic. 
If the Hiirfacc of flu* potato is inoculated with a loopful 
of farcy pus or matcriul from the centre of a glanders 
nodule, the resulting growth is usually not distinctly 
visible until the third day, when raised, translucent, 
viscid, amber-yollow coloured growth or colonies 
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appear. With continued incubation the colonies 
coalesce, the growth becomes thicker and lawn-coloured, 
then reddish-brown, and finally generally chocolate- 
brown. The growth is also odourless, limited to "the 
site of implantation, and does not stain the potato. 
Hroth or glycerin brotli becomes uniformly turbid, ami 
after a week or so patches of a whitish surface scum 
toriii, and after three weeks the hroth is ueurlv revered 
with this surface growth, which is slimy ami easily 
broken up on shaking, ilrotb cultures give the indole 
reaction. Litmus glucose agar becomes pink. .Milk is 
not coagulated. 

Resistance to Germicides, etc .—The glanders bacillus 
is but little resistant, and cultures frequently die out in 
a mouth or so. Complete desiccation at -17 <J C. of nasal 
discharge, farcy pas,or bacilli from cultures, is frequently 
fatal in twenty-four to forty-eight hours. Young 
broth cultures arc soon destroyed by bright sunlight, 
and an exposure of ten minutes to a temperature of 
•V>° C. is fatal to the cultivated bacilli. A :> per cent, 
solution of carbolic acid, a 1 per cent, solution of 
potassium permanganate, and a I in .1000 solution of 
corrosive sublimate are fatal in two to live minutes. 

Pathoyeniciti/, etc .—The glanders bacillus varies con¬ 
siderably in virulence, and under continued cultiva¬ 
tion may become almost imii-putlingenic. 

Glanders is met with exclusively among horses, asses, 
and mules, and man is infected from these animals, 
nearly all east's of human glanders being among ostlers, 
grooms, ami coachmen, nud the usual mode of infection 
is by farcy pus or nasal discharge coming into contact 
with a cutaneous wound or abrasion. A remarkable 
immunity, however, is enjoyed by the slaughterers, who 
have to deal with tho carcases of glandcrcd animals, 
and who might be supposed to run the greatest risk. 
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Bat it mast be remembered that Babes frequently 
found at the post-mortem on persons who had to do 
with horses, and who died from, diseases other than 
glanders, encapsuled glanders modules in the lungs 
and internal organs, suggesting that the disease may 
often be latent in man, who appears to be relatively 
insusceptible, and that infection may be possible by 
inhalation. In the horse glanders is readily transmis¬ 
sible experimentally both by ingestion and by inocula¬ 
tion, and ingestion is probably the common mode of 
infection naturally, infection by inhulatiou occasionally 
occurring. Even when glanders bacilli are adminis¬ 
tered experimentally by the mouth iu the horse, the 
lesions may be most prominent iu, or even be confined 
to, the lungs. Iu the horse, the disease 1ms periods of 
epidemic prevalence, and is particularly frequeut in 
London. In 1802 there were 3000 equine cases in 
Great Britain, iu 1003 there were 2400 cases, and 
nearly 00 pur cunt, of all cases occur in the Metro¬ 
politan area. These, it is to be noted, were cases iu 
which the disease, was well-developed and manifest, but 
there are also numerous others in which it is latent. 
Guinea-pigs and field mice are highly susceptible to the 
disease,-which may also be contracted by some of the 
Carnivora, such as the cat, lion, and tiger, by inocula¬ 
tion or by feeding on diseased carcases. The rabbit, 
sheep, and dog are but slightly susceptible, while cattle, 
Bwinei and house-mice are stated to be immune. 
Shattoclc 1 found that the white mouse is somewhat 
. susceptible, and suggests that iu all probability the 
•house-mouse is similarly so. 

• ' In the horse the most constant Beat of glanders 
' lesions is the lung, and MeFadyean states that no case 
of glanders with lesions elsewhere than in the lungs, 
f . * aVww, Path. 8*. Wi„, veL lix. 18W, p. 
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and with these organs unaffected, hns ever been 
recorded. In nearly every case of farcy, also, nodules 
are present in the lungs. The lung lesions have the 
form of rounded, firm, or sliotty nodules. The number 
present is variable, rarely less than a dozen ; exceptionally 
there are hundreds, fairly evenly distributed throughout 
the lung tissue. The nodule commences as a collection 
of polymorphonuclear leucocytes, around which a zone 
of congestion is present. Later, the alveolar walls 
undergo necrosis, and the leucocytes necrose and dis¬ 
integrate, but their cliromntin persists ns rounded 
fragments which retain their nfiininity for nuclear stains 
(ehromatotexis). The nodule may become surrounded 
with a layer of thin fibrous tissue, between which 
and the necrotic central area a zone of endothelioid 
cells with giant-cells may be present (Mate XI., /»)• 

The lesions of farcy are nt the onset histologically 
identical with the glanders nodule, but by the progressive* 
liquefaction of the tissues actual abscesses form. 

The lesions set up in an inoculated guinea-pig are 
very characteristic, and can be used for diagnostic- 
purposes. With a very virulent culture, such ns can 
be obtained bv several passages through a susceptible 
animnl, a guinea-pig may die in four or five days, and 
the post-mortem lesions are slight, consisting of some 
caseation at the seat of inoculation and slightly enlarged 
spleen, which contains a few small yellowish nodules 
resembling miliary tubercles. The material from human 
cases ns a rule? seems more* virulent than that from 
the horse, and death of the* guinea-pig often ensues a 
few days after inoculation. 

The culture or material from a glandered horse does 
not usually produce death of a guinea-pig until a 
lapse of two or three weeks. A male guinea-pig 
being chosen, the changes observed are caseation 
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followed by ulceration at tho sent of inoculation, when 
this is done subcutaneously, and great enlargement of 
the testicles; on cutting into these they are found to 
be partially or almost entirely converted into a pasty 
caseous material, while the skin covering them is so 
adherent that it can only be detached by cutting, and 
the spleen is very much enlarged and studded with 
small yellowish nodules. In a female guinea-pig the 
ovaries are attacked. These appearances are of 
importance in the diagnosis of the disease. The 
difficulty of finding the bacillus in the discharges by 
microscopical and staining methods is so great that 
these cannot be employed with any certainty. Loftier 
and Straus therefore recommend the inoculation of a 
malo guinea-pig intra-peritoueally with the discharge or 
other material. If the glanders bacillus is present 
the lesions thus described rapidly ensue, and the 
diagnosis is established in four or five days (Straus’s 
test 1 ). At the present time tho inoculation method 
has been almost entirely superseded by the intro¬ 
duction of mallcin, the former being reserved for 
clinical diagnosis in man. 

McFadyean found that the blood of a plundered 
animal produces agglutination or clumping of the 
glanders bacillus similar to that obtained in the agglu¬ 
tination (Widal) test for typhoid, and has suggested 
this reaction as a means of diagnosis. As an aid to 
the clinical diagnosis of the disease in man it is 
doubtful if the method of serum diagnosis can be 
applied, for Foulerton found that typhoid and diphtheria 
sera also produce agglutination of the glanders bacillus. 

Toxins. —Mallein, a preparation analogous to tuber¬ 
culin, is prepared by growing a virulent glanders 
bacillus for a month or six weeks in glycerin veal- 
1 See also Nieolle, Ann, tIt Vlnat. Patlenr, xx, 1008. 
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broth in flftt flasks sncli as arc emplovcd for tuberculin 
(Fig. 38), so that there is free access of oxygen. 
The culture is then autoclaved for fifteen minutes 
at 115° C., filtered through a Berkefeld filter, con¬ 
centrated to one fourth of its volume, and mixed 
with an equal volume of a J per cent, solution of 
carbolic acid. This yields an active mallein, 1 c.c. of 
which is a dose, and gives a good reaction. Like 
tuberculin, it possesses feeble curative properties, 
though a few cases of cure by prolonged use have 
been reported by Babes and others, but is used for 
diagnostic jurposes; the veterinary authorities are 
unanimously agreed that it is one of the most certain 
means we possess for diagnosing glanders in the 
horse. Injected into an unglandered horse little or no 
efFoct is produced, but in a glandered animal, about 
twelve hours after injection, tin- temperature rises l-.V’ 
to C. above the normal, a large and painful swelling 
forms at the seat of inoculation (it may be as large el¬ 
even larger than half a cocnnnut), while any affected 
lymphatic vessels or farcy buds become swollen. 
Reaction may, however, be produced in the absence 
of glanders if the horse is being treated with bacterial 
products, toxins, etc. 1 

Kpizontic lymphangitis has a superficial resemblance 
to farcy in the horse, and must not be mistaken for tin- 
latter (see “ Sporotrichosis ”, Chapter XVI). 

Tim greatest care should In 1 exercised adieu irorlciug 
with glanders material or cultures , several fatal labora¬ 
tory accidents having unfortunately happened. 

Clinical Examination. 

(1) Prepare and stain film preparations of the pus or 
discharge in Loflicr's blue, with subsequent partial decolorisa- 
tion in 4 per cent, acetic. The ordinary pyogenic cocci will 

1 See Sadmenen and Glenny, Jonn. of Hygiene, vol. viii, HM*, p 14. 
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ncjfc be found unless a secondary infection lias occurred, and 
the material may appear sterile, for the glanders bacilli may 
be very scanty. 

- (2) Several tybes of glycerin-agar and potato should be 
inoculated and incubated at 37* C. for seventy-two hours. On 
the agar, colonies of the glanders bacillus will develop in 
tWenty-four to thirty-six hours, but the potato will not show 
the characteristic amber-yellow growth under forty-eight to 
seventy-two hours. 

(3) It will usually be necessary (in man, at any rate) to 
confirm the diagnosis by an inoculation experiment. ‘A fully 
developed male guinea-pig is chosen, and a little of the 
discharge, or an emulsion of the material (0 - 5 to 1 c.c.) is 
injected intra-peritoneally, if the material be fairly sterile, but 
if not, subcutaneously. In three to five days the animal 
should show the characteristic swelling of the testicles if the 
material lie glandered. 

(4) An ophthalmo-reaction is stated to be reliable both in 
man and in animals. 

(5) In animals the mallein test may be applied : 

(a) The dose is injected subcutaneously in the neck over 
the vertebr®, and midway lietweeu the jaw and the shoulder. 

(b) If possible the temperature of the animal should lie 
taken morning and evening for two or three days previous to 
inoculation. 

(e) The temperature of the animal should lie taken at the 
twentieth hour aftor inoculation, or, if possible, at frequent 
intervals from the twelfth to the twentieth hour. 

(d) A complete reaction comprises (i) a rise of temperature 
of more than 2'5° F., (ii) an extensive hot. and painful swelling 
at the seat of inoculation. 

(e) Systemic disturbance, such as prostration, loss of 
appetite, shivering, etc., may occur. 

(/) The temperature reaction is unreliable in all cases in 
which the temperature at the time of inoculation is 2 - 5° F. 
above the normal. In such cases, if there be any suspicious 
clinical Bigns to assist, reliance may be placed upon the local 
■welling. 
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(t>) lu animals the agglutination reaction is stated by 
Moore aud Taylor 1 to give dcciimle results. In limn this test 
might give an inconclusive result (see ante). 

(7) In the tissues the glanders bacillus is difficult to 
demonstrate. Sections may lie stained for half an hour with 
carbol methylene-blue, treated with 4 per cent, acetic for a 
few seconds, washed, and rapidly dehydrated with alcohol, 
cleared and mounted. McFadyean recommends, after trouting 
with thu acetic and washing. Hooding with a saturated solution 
of tannic acid in water for fifteen minutes, Wiishiug, counter- 
staining in a 1 per cent, aqueous solution of acid fuehsin for 
fifteen to thirty seconds, washing, dehydrating, and clearing 
in cellar oil. 

Twort’s method may also lie employed (see section on 
Aimeba Coli, “Clinical Diagnosis"). 

1 Jonrii. q/' lnfcrt. Diseases, Sup. Xo. H, May, p. h"». 
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CHAPTER X. 

TYPHOID FKVBU-PAKA -TYPHOID PKVKH-BACILLUS KNTKH1- 

TIIHS AND TUB OAKTNBIt OKOUP—8WINE FBVEIl—BACILLUS 

DYBKNTKKl.tt-BACILLUS COI.I. 

The organisms considered in this chapter form a natural 
group or family, ami pass as it were by gradations in cultural 
characters from tin* typhoid bacillus to the colon bacillus. 
LblHer classes them together in a family, the Typliacete, which 
is divided into sub-families by the reactions of the organisms 
included in it on certain culture media. These culture media 
are: (l) the typhoid notation, an aqueous solution containing 
2 per cent, peptone, 1 per cent, nut rose, 1 per cent, grape 
sugar, 5 per cent, lactose, and 15 c.c. per cent, normal potash; 
(2) the para-typhoid notation, having the same coiu]M>sition 
with the exception that the glucose* is omitted. To 100 c.c. 
of the solution, in each case, 1 c.c. of a 0 2 per cent, solution 
of chemically pint* malachite-green crystals (Hoechst, No. 120) 
is added. 

Loffler’s classification is as follows: 

Family .—Ty pliocene. 

Sub-family (1)—Typhca*. This group docs not ferment' 
the typhoid solution, but. either leaves it unchanged or 
precipitates it. The puru-typhoid solution is either not 
fermented, is unchanged, or becomes milky. The following 
organisms are contained in it: (a) B. typhosus, actively 
motile, precipitates the typhoid solution, has no action on the 
para-typhoid solution. (l>) B. dysenteric (Flexner), motile, 1 
does not precipitate the typhoid solution, and the para-typhoid 
solution is unchanged, (c) B. dysenteric (Sliiga-Kruse), non- 

1 It is usually stated to be non-uiotile. 
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motile, has no action on either solution, but precipitates the 
typhoid solution if the green be omitted, (d) B. typhuaimilix, 
motile, does not precipitate the typhoid solution, but renders 
the para-typlioid solution milky; occurs in impure water and 
traces. ( e) B. pseudo-dyaeuterim, does not alter either solution, 
is nut agglutinated by either Flexncr or Shiga-Kruse serum. 

Bub-family (2)—Josarceie. 1 This group ferments the 
typhoid solution with gas-format ion and frothing, and 
alters the para-typhoid solution. It. includes the following 
organisms: (a) B. paratyphuava A, motile, ferments the 
typhoid solution, renders the para-typhoid solutiou a darker 
green; pathogenic for mice per on. (h) B. purutyphuaua B, 
motile, ferments the typhoid solution, decolorises the para¬ 
typhoid solution; occurs in man, ox, sheep, swine, horse. 
(c) B. lyphimurium, resembles (It ): pathogenic per oa for 
mice and field-mice only. (</) B. Iluuyaz, resembles (fc), is 
agglutinated by paratyphoana B serum ; jMithogenic for nits 
and mice, (e) B. paittacoaia, resembles (h ); (mthogenic for 
parrots and mail. (/) B. eulcrilidia-iaoaarriiiHa (Gartner), 
resembles (It), but not agglutinated by paraly platans B serum ; 
sometimes forms thermostable {mhsous. (;/) B. iaoaarrinua, 
n. sp., from cases of food-poisoning; resembles (fc), not 
agglutinated by Gartner or jtaralyplaiaua B serum, (It) B. xttt- 
pextifer, resembles (It) ; pathogenic. 

Subfamily (3)—Coleu;. This group ferments bol li solutions 
with gas-fonuation and frothing. Includes (a) B. rnli, 
slightly motile or non-iuotile; ferments ls>tli solutions. 
(b) B. paracoli. 

In addition, all the organisms are agglutinated by their 
homologous sera, and none liquefies gelatin. 

Typhoid Fever. 

The specific organism of typhoid fever is a bacillus 
originally isolated by Bbortli in 1880, and more closely 
studied by Gaffky in 1884. 

The Eberth-Gaffky bacillus, or Bacillus typhosus, is 
1 From itc, poison, ami sap(, flesh. 
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best observed in sections of tlie spleen, in which it 
occurs in groups or colonies consisting of short rods 
with rounded ends, each measuring about 3 p in length. 
It has also been demonstrated in the mesenteric glands 
and liver, in the swollen Peyer*s patches before ulcera¬ 
tion, and in other situations. 

In order to obtain pure Cultivations, it is preferable 
to make use of the spleen. The organ is washed, and 
then cauterised lineally by means of a red-hot iron, in 
order to destroy the saprophytic bacteria on and near 
the surface. An incision is made with a sterilised 
knife through this cauterised area, and a little of the 
splenic pulp is taken with a sterilised platinum needle 
and inoculated on to tubes or plates, preferably of 
litmus lactose, .CJonradi-Drigalski, or malachite-green, 
agar. These are incubated at 37° C. for twenty-four to 
forty-eight hours, and the growths which develop are 
examined and tested by microscopical and culture 
methods. Tlie organism may also be obtained by 
cultivation from the blood of a patient (p. 389). The 
following are the characters of the Bacillus typhosus. 

Morphology .—Bacilli with rounded • ends 2 to 3 p in 
length, and 0'6 p broad. It is, however, in cultivation 
a markedly pleomorphic organism, and very short rods, 
long rods, and thick filaments 10 to 30 p in length 
occur; thu latter are known as involution forms (Plate 
XII., a). It dyes not form spores, but granulation and 
vacuolation may be observed in the protoplasm. 

It is ^pfciiraly and possesses a number—of 

fttqrlln. avran 8f e ^‘ peritrioh f^aOy hnfcli at the poles and 
sides (Plate XII., c). Thq^flygHla Hire 1 1 g r 'I "r■ j»j 
an<J_JBJ£ejcage eight.to twelve in number, whioh is an 
important point of differentiation from the Bacillus colt t 
' which usually has ouly three or four. It stains by the 
ordinary unilin dyes, but' by **«*—*■».. In 
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stained preparations unstained spaces or vacuoles may 
frequently be seen. 

Cultural characters. —The S. typhoxim is uikoLui and 
facultatively anae robic, and grows well oju the ordinary 
cul ture me dia. On agar it forms u thick, moist, gr ey ish 
layer. On gelatin it grows sjuiily, and-Uiu growth, 
w hich is usual ly scanty..and confined to the needle- 
track, is white and shining, and somewhat irregular 
(Plate XU., /•). The colonies in gelatin are visible in 
about forty-eight hours, and form small rouudish-wliife 
points, which are granular and brownish in colour by 
transmitted light. In broth it produces a. general 
turbidity, without film formation. The growth on 
potato acid in reaction is somewhat characteristic; it 
forms a moist, grey, shining layer, which is almost 
invisible. If, however, the reaction of the potato is 
neutral or alkaline, the growth may be yellow ish. The 
H. It/phnxux grows well in milk, with slight permanent 
acidity, but w ithout c on gn hit ion. 

Acid—is—for m e d i n -small quantity during. iLs—growth 
in many m edia (volatile fatty-acids, ami lactic qcid), 
which can lie* demonstrated by cultivating in litmus 
milk, or in litmus glucose media, and the organism will 
grow in slightly acid media. Neither gas nor indole 1 
is formed in cul tures; acid is produced from glucose, 
but no gns; lactose is unacted upon. The fermentation 
reactions on various media are given in the table 
oil p. 400, and are there* contrasted with those of the 
11. roli and other organisms (see also p. -I0*»). Chatterjee" 
finds that agar on which the typhoid bacillus has been 
grown contains substances which inhibit further 

* Occasionally a feeble indole reaction limy Is* olitHin***l by oh refill 
testing. 

s Trout. Fourteenth Internal. Cong of Ilyriiene ( Iterlin, 11107), l!*i. iv, 

p. a*. 
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development of the organism if it be inoculated on to 
an agar culture which has been scraped so as to remove 
ull growth. 

Pathogenicity .—In cases of typhoid fever in man the 
Bacillus typhosus is widely distributed in the body, in the 
various tissues, and in the blood, from which it may be 
obtained by cultivations made from at least 0‘5 c.c. (see 
"Clinical Diagnosis,” p. 389). The bacillus is con¬ 
stantly present in the blood from the commencement of 
the disease, though not in large numbers, and cultures 
from the blood in competent hands result in the recovery 
of the organism in approximately 100 per cent, of-the 
cases j in the later stages of the disease it is less 
frequently recovered. 1 In addition to being present 
in the Peyer’s patches, mesenteric glands, and spleen, 
the B. typhosus has been found in the rose-spots of the 
eruption, in the sweat, in the sputum and lungs in the 
pulmonary complications, and in the urine. In the urine 
it is so frequently present that special disinfection 
should be practised, more particularly during con¬ 
valescence, and in some cases it may bo so abundant ns 
to produce a turbidity (typhoid bacillurin) and cystitis. 
It is also pyogenic, and occurs (usually in pure culture) 
in concurrent or post-typhoidal complications, • e. g. 
empyema, abscesses, osteomyelitis, suppurating ovarian 
cysts, etc. • Clumps of bacilli in the gall-bladder have 
been suggested as the nuclei of gall-stones, and the 
bacilli may be so numerous in the gall-bladder and bile- 
ducts as to cause cholecystitis and cholangitis. The 
organism is by no means easy to isolate from tho stools, 
simple plate cultivations usually fail, and the best 
medium to employ is the Conradi-Drigalski or malachite- 
green agar (see “Water”). 

Injected intra-peritoneally into mice and guinea-pigs, 
1 Coleman and Buxton, Amtr. Joum. Utd. Sri., Jane, 1807. 
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the B. typhoaua usually produces death, and the same 
result follows from intru-venous injections in rabbits, but 
the pathogenic effects so obtained are not specific. 
By continuous cultivation it loses its pathogenic proper* 
ties. Given by the mouth tio result follows, and the 
same is the experience of most observers who have fed 
animals on typhoid stools; a disease process analogous 
to typhoid fever in man has rarely been induced 
experimentally. llenilingcr' states that bv feeding 
young rabbits on vegetables, cabbage, ete., soaked in 
water, to which had been added some enltiirc of the 
typhoid bacillus, he has succeeded in inducing a con¬ 
dition resembling typhoid fever in man. The charts 
which accompany the paper show a typical rise of 
temperature, a period of pyrexia with morning remis¬ 
sion, followed by a typical fall of temperature. The 
animals suffered from diarrliuia, and their blood gave 
the agglutination reaction. Post mortem, the intestine 
was congested and filled with yellow diarrlncic matter, 
the Peyer’s patches were swollen and in some places 
commencing to ulcerate. The spleen was increased to 
two or three tiinos its normal size, and cultures of the 
typhoid bacillus were obtained from if. Metchnikoff* 
has infected the chimpanzee /»/->■ with typhoid ficrcs. 

The proof of the causal relation of the lUtrllln* 
hjphnxux to enteric fever is based on the following 
facts. It is met with in the tissues in cases of enteric 
fever, can be obtained from the spleen during life by 
puncturing with a hollow needle, and nitty lie isolated 
from the urine and blood during the course of the 
disease, and is not met with in other diseases. The 
writer has had under his enre three eases, and knows 
of several others, in which the disease wns almost 

1 Ann. da tinat. Patltnr, xi, 1W*7. p. H2!l. 

! See Ann. de VIn*l. Pntteur, xxv, tail, p. ItW. 
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certainly contracted in the laboratory from working 
with pure cultures. The blood and blood-serum of an 
animal immunised against the B. typhosu h are found to 
bring about cessation of movement and agglutination 
or aggregation of the bacilli in a broth culture of the 
organism. A similar result occurs when the serum of 
a patient, in the second week of an attack of typhoid 
fever, acts on the B. tyjilumis, the reaction not 
occurring with healthy individuals or in other diseases 
(Plate XIII., a). This indicates that in the body of an 
individual suffering from typhoid fever the same sub¬ 
stances are formed as in an animal artificially immu¬ 
nised by cultures of the B. tyjihomifi. This reaction is 
now recognised as a valuable clinical test in doubtful 
cases of enteric fever (the “ Widal ” or agglutination 
reaction 1 ). 

I'llf< ayylntinatian reaction .—For the method of 
carrying out the agglutination reaction see p. 198. 
Normal serum will generally agglutinate the typhoid 
bacillus in a dilution up to l in 3 or 4, but occasionally 
is more active. Dead bacilli may be used. The 
reaction is not obtained before the sixth or seventh 
day of fever, occasionally not until much later. Wry 
rarely the reaction seems to be intermittent. The 
blood may retain its agglutinating power for years 
after an attack, and inoculation with Wright’s vaccine 
also confers agglutinativo properties. Cast's do occur 
in*wliich agglutination is absent throughout, but they 
are rare and often tend to be severe and to terminate 
fatally. If the blood during the course of an attack 
fails to give a reaction when tested on three occasions 
at intervals of three to four days, it is improbable that 
the case is one of typhoid fever. Moreover, cases 

1 Some controversy hns arisen os to the discoverer of this reliction, 
Grtinbftum claims to huve first observed it. 
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occur, simulating typhoid closely, due to infection 
with the so-called para-colon or pnra-tvphoid bacilli. 
These “para” bacilli belong properly to the if. enferi- 
tulia group of organisms (see p. 391). Jf a positive 
reaction be obtained, yet the ease does not seem to l>e 
one of typoid, a previous attack or inoculation with 
Wright’s vaccine must be excluded. The previous 
injection of a typhoid anti-serum into the patient might 
induce a non-typhoid infection to give the reaction. 

(iwyn 1 found that out of 20“* cases diagnosed as 
typhoid and accurately studied, only one persistently 
failed to give the reaction. The blood of this ease, 
however, reacted typically with a (laitner-like organism 
obtained from the blood (a case, therefore, of para¬ 
typhoid infection with all tin* symptoms of typhoid 
fever). 

Johnson and McTaggart* found that typhoid blood 
dried for sixty days still gives a typical agglutination 
reaction. An incomplete reaction was occasionally 
obtained as early as the end of tin* second day, and the 
complete reaction was rarely delayed layond the fifth 
day. They also noticed that tin* blood of the horse 
often produced clumping, etc., of typhoid brteilli, 
indistinguishable from an agglutination reaction with 
typhoid blood; but the same agglutinating effect was 
also produced on the colon bacillus. Many chemical 
substances also produce agglutination of typhoid bacilli, 
so that it is necessary to exclude them in making a 
diagnosis. l'’or example, corrosive sublimate (0‘# : 
1000), alcohol, salicylic acid, vesuvin, and safranin 
(1 : 1000) agglutinate, while carbolic ami lactic acids, 
chloroform, caustic soda, and ammonia do not, the two 
last only provided the test typhoid emulsion be made 

• John* Hopkin* Ifntp. Bull., vol. viii, MtOO, p. :W7. 

* Brit Med. Journ., 1MW, vol. ii, p HW. 
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with distilled water. Safranin lias a powerful agglu¬ 
tinating action on the typhoid bacillus, but not on the 
colon bacillus. 1 

Whilo there is no constant connection between the 
activity of agglutination and the severity of the disease, 
active agglutination tends to go with cases which 
recover, and cases in which agglutination is feeble or 
absent tend to be severe. 

Toxin h .—From cultures of the typhoid bacillus 
Hrioger isolated a base which hi* termed typhotoxin, 
and which is isomeric with gadinine. In animals it 
produced salivation, profuse dinrrhiea, paralysis, and 
death. Hrieger and Friinkel isolated from cultures a 
.toxic protein body. Fenwick and Bokcnlmm 3 extracted 
from spleens of typhoid fever patients a proteose, an 
alkaloid, and a fatty residue. The proteose produced 
fever, anorexia, and loss of weight in guinea-pigs and 
rabbits, but the alkaloid and fatty matter were without 
effect. 

The toxins of the typhoid bacillus, however, seem to 
be largely intra-eellular, and filtered broth cultures 
are usually almost non-toxic. Sidney Martin* by cul¬ 
tivating in a protein medium was able sometimes to 
obtain a toxic filtrate, a few c.c. of which produced 
lowered temperature, dinrrhiea and death. Macfadycn 
and Howland,* by disintegrating large quantities of 
typhoid bacilli, filtering, and so obtaining the intra¬ 
cellular constituents in the filtrate, found that small 
doses of the latter produced a transient riso of tempera¬ 
ture in guinea-pigs and a loss of weight which was 
soon recovered from. Animals so treated were pro- 

1 Mnlvoj!, .tun. tie I'lnst. Paeteur, xi. I St >7, p. 582. 

‘ J Itril. Metl. Jnni-H.. lNffi, vol. i, p. SOI. 

:l I hit/., 18 UH, vol. it, pp. 11 ntul 73. 

4 Centr.f. Hal;/., xxx, p. 753 
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tected against a certain lethal dost* of typhoid bacilli, 
and their blood exhibited agglutinative anti bacteriolytic 
properties towards the typhoid bacillus. Maefadyeu 1 
later obtained the intra-cellular juice of typhoid bacilli 
by disintegration after freezing with liipiitl air, and found 
it to be very toxic to guinea-pigs by intra-peritoneal, 
and to rabbits by intra-venous inoculation. 'Pin* 
writer found that cultures of the Hacillns t ypit us n s do 
not give the “ diazo ” reaction. 

Survival of tin■ typhoid hticilhm in tin■ hotly .— 
Bacilli may persist in tin* spleen for weeks, in the gall¬ 
bladder for years, and in suppurative lesions for six 
years or more. Foster and Kayser obtained pure 
cultures from the gall-bladders of seven out of eight, 
cases, and in 2 per cent, of the cases this “ chole¬ 
cystitis typhosa” becomes a chronic process,and typhoid 
bacilli may be discharged into tin* bowel for long 
periods. Dean 2 found this to be tin* case in a patient 
who had had enteric fever twenty-nine* years previously. 
Such “typhoid carriers” have been the subject of 
much investigation recently.’ 1 A. and J. Ledingliiiiii 
record three instances met with in an asylum in which 
mysterious cases of typhoid had occurred—31 cases 
during fourteen years. Davies and Walker Mall* 
relate similar outbreaks, tin* carrier in this case being 
a woman who had suffered from enteric lever in I'.MH, 
milk serving as the vehicle of transmission, and a 
number of other instances have been recorded. Three 
fourths of the cases are women (and three fourths of 
the cases of gall-stones occur in women), and usually 

* Pror. Row. Hoe. Land., B. Ixxi, 11102, p. 77. 

* Brit. Med. Journ., 1908, vol. i, p. ~tli2. 

* See LtHlinfilittU, Rep. Med. Off. Lae. Our Hoard tor IWitl-IO 
(Ribliog). 

4 Proc. Roy. Hoe. Med., vol. i, 1908, Kpi<leniinl«g. Sect., p 173. 
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the serum of the carriers gives a marked agglutination 
reaction, and their stools frequently contain such large 
numbers of typhoid bacilli that these largely replace the 
natural bacterial flora of the intestine and may often 
be recovered from the stools by simple plating. 
Obviously the typhoid carrier is a source of serious risk 
to the community, and mysterious outbreaks of enteric 
fever, ascribed by some in the past to a “ dr norn ” 
origin of the specilic organism, become explicable. The 
typhoid bacillus may occur in the contents of ovarian 
cysts, usually causing suppuration, and may survive 
for months—twelve in a case recorded by Taylor 1 — 
after the attack of typhoid. 

Snrrirnl of Hie t;//ilioid hncillnx onlxidr Ihr hod ;/.— 
The liarillux hjphoxitx has been isolated in a few 
instance's from watkk himti.ikk which have become 
infected, and have given rise to epidemics, as in the* 
case* of the Lincoln epidemic in This is the 

exception, however, and the isolation of the typhoid 
bacillus from an infected water is a very diflieult 
matter on account of the fact that the bacillus may 
have died out before the investigation is commenced, 
that it is generally in a small minority and admixed 
with numbers of rn//-form organisms, and that until 
recently no medium was available which inhibited the 
growth of the roli- form organisms without at the same 
time inhibiting the growth of the II. h/jdioxux. By the 
use of malachite or brilliant green media, the last- 
named difliculty seems to have been overcome (see 
section on “ Water 

In sterilised waters, including distilled water, the 
Barilla.x ty/dinxitx maintains its vitality for upwards of 
a month, and in some cases for much longer. The 

1 Joimi. Olm/t*/. inn? (lyniernl. Hril . f'mpiiv, Nitvi'inUir, 11107. 

* Rep. Afft?. Off. fio#\ ffoi*. ffixml for MU*5-011. 
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survival is not necessarily longer in an organically 
polluted water than in a pure water. Infecting 
sterilised Thames water (from the Temple Kmbunk- 
ment) and sterilised tap-water of the Chelsea Water¬ 
works with typhoid cultures, the writer found that, 
examining small quantities (I e.e.) of the water, the 
bacillus appeared to die out in the former in two to 
three weeks, in the hitter in four t > live- weeks. 

The survival of the typhoid bacillus in natural 
waters must be influenced by many circumstances— 
temperature, chemical composition, struggle for exis¬ 
tence with the natural bacterial flora, etc., of the water. 
Experiments by ltussell and Fuller,' in which the 
organism, suspended in collodion sacs, was subjected to 
the action of lake water, indicated that the maximum 
was eight to ten days. Houston,* using raw Thames, 
Lee, and Nuw Hiver waters artificially infected with 
varying quantities of ordinary laboratory typhoid 
cultures, and examining quantities of I<H> e.e. of the 
water, found that in none of eighteen experiments was 
a negative result obtained in four weeks, and it was 
only after nine weeks that the typhoid bacillus could 
not be isolated from this quantity in all the experi¬ 
ments. Hut in subsequent experiments," in which 
typhoid bacilli, obtained directly from the urine of a 
carrier case by eeiitrifiigalising and wit limit culturing, 
were added to the water, the number of bacilli was 
reduced by ‘J1HMJ per cent, after a week, and after ten 
days the organism could not be isolated from 100 e.e. 
of the infected water, indicating that the uncultured 
bacillus rapidly dies in a natural water, and that even 
a week's storage of water affords enormous protection 

1 Jim m. Infect. Diseases, Sup. So. February, HKXJ, p. W. 

* fi ll Hep. oh Research Work, Metropolitan Water Itonr'i, IWlH. 

4 Sixth Research Report, Metropolitan Water Hoard, 1011. 
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against water-borne typhoid. In aerated (C0 2 ) waters 
the B. typhosus does not survive a fortnight. Thu 
methods of isolation from water are given in 
Chapter XXI. 

The Bacillus typhosus may gain access to shell-fish, 1 
oysters, mussels, cockles, etc., particularly if obtained 
from sewage-polluted laying. Such polluted shell-fish 
may give rise to typhoid epidemics—as at Winchester 
and Southamption in the case of oysters, and in the 
case of cockles, derived from the Thames Estuary and 
imperfectly cooked, to typhoid cases. Buchan found 
that out of 855 primary cases of typhoid fever occur¬ 
ring in households in Birmingham, 124, or 14‘5 per 
cent., had a history of mussel eating, and in seventeen 
instances the histories were conclusive of mussel 
infection. Mussels, under certain conditions (which are 
not well understood), are liable to develop mytilotoxin, 
etc. (p. 39), which gives rise to gastro-enteritis. 
Khell-fisli from sewage-pol In toil layings contain B. cult 
in varying numbers, but from uncontaminated layings 
are free from this organism, which may therefore serve 
as an index of pollution (see “ Examination of 
Shell-Fish/’ Chapter XXI). Contaminated shell-fish, 
removed to pure water, gradually cleanse themselves— 
probably after two to three weeks’ sojourn. Klein 
obtained the typhoid bacillus from artificially infected 
oysters, kept in funks of sea-water, after nine, sixteen, 
and even eighteen days from the commencement of the 
experiment, the oysters showing no abnormal condition. 

As regards the vitality of the Bacillus typhosus in 

1 On pathogenic organisms in shell-fish see Reports by Bnlstrode to 
the Local Government Board, 1804 and 1011; Hep. tied. Off. Lot. Gov. 
Board tor 1800-1000, p. 574; Houston, Fourth Report of the Sewage 
Commission, vol. iii, 1004; MoWeeney, Lot. Gov. Board, Ireland, 
1004; Buchan, Journ. of Hygiene, vol. x, 1010, p. 500. 
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suvvage wo liavo littlo certain in formation ; probably it 
tends to dio out within a few days. In sterilised 
sewage inoculated with it the If. fy pin,sits hardlv 
multiplies at all, and at the end of ten days has died 
out. Certain organisms in sewage seemed to have 
a deleterious action on the 11. typhosus, hastening its 
extinction, viz. the 11. Jluorrsnus Hipnfurii its and 
II. fluorencenn stcrcornlis. Hassell and Fuller, subject¬ 
ing the bacillus to the direct action of sewage, round 
the survival to range from three to live days. 

In dry garden earth, according to Ih-mpslcr, 1 the 
Bacillun typhosus does not live longer than eighteen 
days {Firth and Hormcks recovered it up to twenty- 
five days), and in peat it dies within twenty-four hours. 
In moist soil, however, the bacillus still survived on the 
forty-second day. In an tirfiliciully dried soil it was 
not found alive tifler the seventh day. 

Sidney Martin found that in moist shrills, d soil kept 
at temperatures from 3 ' to 37° ('., the It. typhosus 
maintains its vitality for upwards of fifteen months, 
but that in unsteriliscd soil it rapidly dies." 

Muir 3 concludes that tlie typhoid bacillus can survive 
in natural soil in large numbers lor about twenty days, 
and is still present in a living condition after seventy 
to eighty' day's, but that there is no evidence that it is 
capable of multiplying and leading a saprophytic 
existence in ordinary soil. lie suggests that Martin’s 
result (the rapid extinction of the bacillus in uu- 
sterilised soil) may be explained by the use of hrnth 
cultures for infection, tin* broth added causing a 
multiplication of the saprophytes. Firth and ilorrocks* 

1 Med.-Chir. Trans., vol. Ixxvii, I Sill. p. 2K1. 

* Reps. Med. Off. L»c. Oar. hoar,l for lsiHi I MU. 

3 Journ. af Hyjienr, vol. viii. tilOS, j>. Hi. 

4 Brit. Med. Jonrn., 11)02, vol. ii, p. MWi. 
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similarly conclude that the typhoid bacillus displays no 
tendency to increase in numbers, nor to grow upwards 
or downwards in soil, tlioijgh it may be washed by 
water through a thickness of 18 inches. Neither 
virgin nor sewage-polluted soils differed much in these 
respects. 

Vitality of If. hjjtlnmiin iti dn*t, fmnitiin , ate .— 
Firth and tlorrocks found the II. ti/i'koHit/s to bo 
alive in soil dry enough to form dust for as long as 
twenty-five days, and consider that infective material 
cun be readily transmitted from dried soil and sand by 
means of winds ami air-currents. Doubtless much 
depends on the degree of dryness of the substratum. 
From khaki drill and serge inoculated with cultures 
the bacillus was recoverable for from ten to twelve 
weoks, and for from ten to seventeen days from the 
same materials fouled with enteric fioces. 

Semple and (Ireig, 1 with cloth and blanket infected 
with typhoid urine, failed to obtain the bacillus after 
seventeen days. This, however, was in India, and the 
survival of the typhoid bacillus on fmuites probably 
greatly depends on the degree of drying of the 
material. A striking instance of the conveyance 
of infection by foniites was that of the blankets used in 
the South African war and brought to this country, 
which gave rise to many cases of typhoid rover. 

Firth and llorrock demonstrated that house-flies can 
•convey enteric infective material from specific excreta 
or other polluted material to objects on which they 
settle or feed, and the Commission which investigated 
the prevalence of enteric fever in the Spnnish-Amcrican 
war ascribed to flies the principal part in the dis¬ 
semination of .the disease (see also p. 411). 

There has always been considerable discussion on the 
1 He. Mem. Uov. of India, No. 32, 1008. 
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Air-infection and Typhoid 

exact relation of “ sewer-gns ” to disease. It is gene¬ 
rally held that sewer-gas is at least a predisposing 
cause to enteric fever, diphtheria ami tonsillitis. Some 
have considered that tlic specific organisms are present 
in the emanations from sewers, and this may occasionally 
be the case. Thus Horrocks, 1 in some experiments 
performed at Gibraltar, by pouring sewage artificially 
infected with typhoid culture down drains, showed that 
specific bacteria present in sewage may be ejected 
into the air of ventilation pipes, inspection chambers, 
drains and sewers by («) the bursting of bubbles at til** 
surface of the sewage, (h) the separation of dried par¬ 
ticles from the walls of pipes, chambers and sowers, 
and probably by (r) the ejection of minute droplets 
from flowing sewage. “ Sewer-gas ” may also lower 
vitality and increase susceptibility. Thus Alessi found 
that animals exposed to drain emanations are at first 
more susceptible to infection, but after a month or so 
acquire tolerance and are no more susceptible than 
animals kept under ordinary conditions. There is no 
evidence that sewer-men or those employed at sewage- 
works suffer from ill-health. 

Action of heat, yermicidee, etc .—The U. ty/ihonun in 
broth culture is killed by a temperature of .Vf-° in 
half an hour, and of 56°-60° (J. in ten minutes, it is 
readily destroyed by antiseptics. (See tnble. Chap. XXI1. 

Semple and Greig ( loc . cit.) found bright sunlight to 
be germicidal in from two to six hours. 

Wines and spirits have some germicidal action on the 
typhoid bacillus. Champagne destroys the bacillus in 
ten minutes, white wines in fifteen to twenty minutes, 
red wines in thirty minutes or thereabouts. If diluted 
with water the germicidal action takes much longer to 
accomplish, and the acidity, not the alcohol content, 
1 Journ. Roy. Ban. Init., May, 1907, p. 176. 

25 
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seems to*bo the active factor. 1 Spirits, such as whisky 
or brandy, if diluted with not more than one to twp 
times the volume of water, kill in ten to twenty minutes. 

Anti-typhoid serum .—Attempts have been made to 
prepare an anti-typhoid serum by inoculating horses 
with increasing doses of typhoid bacilli, first killed (by 
heat, chloroform, etc.) and then living, but such sera 
have proved quite useless. 

Macfadyen* prepared an endotoxic serum by treating 
horses with the endotoxin obtained by triturating the 
bacilli in the presence of liquid air. The writer 
continued the work, and obtained a serum which gave 
promising results. 8 

Chantemesse, 4 by cultivating a virulent strain of the 
typhoid bacillus in a special broth made with ox spleen, 
heating the culture to 55° C., centrifugalising and 
injecting horses with the fluid, obtains a serum which 
he claims has marked curative properties, the mortality 
being 4 - 3 per cent., as against 17 per cent, for those 
subjected to ordinary treatment. The patients receive 
very small doses of the serum—five or six drops—and 
the dose is repeated only two or three times. This 
dosage is quite different from that of an ordinary anti¬ 
toxic or antimicrobic serum, and Wright suggested that 
toxins (and not anti-bodies) in the serum may be the 
active agents. Chantemesse hns accepted this view, 
and the treatment, therefore, seems to be a vaccine one. 

The disease lias also been treated with a vaccine 
(consisting of n killed culture) with promising results 

1 Sabrasto and Marcandier, jinn, de VInst. Paeteur, 1907. 

* Proe. Roy. 8oe. Load., b, vol. lxxi, 1903, pp. 78 and 351; Brit. Mtd. 
Joum., 1908, vol. i, p. 905. 

1 Bee Hewlett, Goodall and Brnee, Proe. Roy. Soc. Med., vol. ii, 
1907-08 (Medical Section), p. 245 et teq.-, and Hewlett's Serum 
Therapy, p. 220. 

i Trane. Fourteenth Infernal. Cong. Hygiene and Demography, 1907. 
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Anti-typhoid Vaccine 

by Semple, Smallman, Leishman, and others. The 
initial dose is 40-100 millions, and the amount is 
cautiously increased up to 300-400 millions. 

Anti-typhoid vaccine .—Wright first prepared an anti¬ 
typhoid "vaccine by the following method.’ A typhoid 
culture of moderate virulence (the virulence being kept 
np by intra-peritoneal passage through guinea-pigs) is 
grown in peptone beef broth in flasks at 37" C. for 
from fourteen to twenty-one days. The flasks nre then 
so heated that their contents attain, and remain at for 
a few minutes, a temperature of 00° (.'. To obtniu 
uniform toxicity, the contents of several flasks should 
be mixed, and to safeguard the vaccine from contamina¬ 
tion one twentieth of its volume of 10 per cent. Ivsol is 
added. Various ingenious devices have been adopted 
by Wright and Leishmnu to prevent contamination and 
for standardisation. 

The strength of a typhoid vaccine depends upon the 
nnmber of bacilli it contains, and on the particular 
strain of bacillus used. The vaccine is standardised by 
counting the number of bacilli it contains by Wright’s 
method (p. 230). Leishman 3 now cultivates for about 
forty-two hours, and the bacteria are killed by heating 
to 53° G. for one hour, the higher temperature having 
proved to be deleterious, and 0"4 per cent, of lysol is 
then added; it is not necessary to employ a virulent 
bacillus. In the early days the symptoms produced by 
the inoculation were often severe, but with the use of 
improved methods are now hardly appreciable. Two 
doses of the vaccine should be given, with an interval 
of about ten days between the two, the doses being 
500 and 1000 millions respectively. 

Inoculation is now being extensively practised, and 

1 Wright and Semple, Bril. Med. Jou in., 1807, vol. i, p. 2Bfl. 

* See Journ. Boy. l*tt. Pub. Health, vol. xviii, 1910, pp. 385,448, 613. 
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Loishman ( loe . rit.) gives the following statistics of its 
value: total number under observation, 18,483—19,314; 
average period under observation, twenty months; 
number inoculated, 10,378; number uninoculated, S93G; 
case-incidence of enteric per 1000, inoculated 5*39 *t~ 
0'48, uninoculated 30 4 + 123 ; case-mortality per 100, 
inoculated 8*9, uninoculated 16*9. Other forms of 
vaccine have also been devised. 

Variation of the B. typhosus .—Allusion haft already 
been made to Twort’s work on the “ education ” of 
B. typhosus to ferment lactose, and on the apparent 
conversion of B. typhosus into B. alknl igines by Herrorks 
(p. 6). lYnfold also records variations in the fermentive 
powers of B. typhosus (Journal of Hygiene, vol. xi, 
1911, p. 30). 


Relapses. 

Various hypotheses have been advanced to account for the 
relapses which occur in typhoid and other diseases (e. g. Malta 
and relapsing fevers). Chantemesse and Widal 1 showed that 
if the B. typhosus is injected into an animal together w'ith 
toxins of the streptococcus, B. coli, or Proteus, its virulence is 
enhanced, or the animal's resistance may be lowered. If, 
then, immunising and bactericidal properties of the blood 
and tissues are but slightly acquired during the attack, an 
absorption of toxic BubBtunces from the alimentary tract may 
lie sufficient to give the typhoid bacilli still present a fresh 
start, and so produce a relapse. This Sanarelli - was able to 
do experimentally. Wright and Iamb formulated another 
hypothesis. 3 The organisms in typhoid, Malta, and relapsing 
fevers, are deposited in the spleen and internul organs, 
multiply and form colonies there, which become protected 

1 Ann. de VInst. Pasteur, vi, 1>92, p. 753. 

5 Ibid., vi, lHiiS, p. 721; and ibid., viii, 1894. p. 193. 

* Lancet, 1899, vol. ii, p. 1727 ; Sc. Mem. Med. Officer* nf hid. Army, 
pt. xii. 
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from the bactericidal substances bv the formation of a noii- 
anti-bacterial envelope. When the anti-bacterial substances 
in the blood and lymph have increased to such an extent ns to 
penetrate and abolish the non-anti-lmcterial cnvelojies which 
surround these colonies, the production of toxins will Is* so 
diminished that the temperature will fall. If. however, for 
some reason or other, even a single colony cscajs-s the full 
auti-bacterial power of the lymph, owing. it may Is*, to U*ing 
shut off in a capillary which has Itecomc blocked, or in some 
other part not freely infiltrated by the blood- or lymph-streams, 
the Uicteriu of this colony will »n on multiplying until the 
blood has become modified in such a manner as to bring 
about a diminution of the auti-bacterial substances.ami thus 
render a relapse possible. 

A third theory has Is-en suggested by Durham. 1 He 
regards a given infection as dm* to the " result of tin* action 
of a sum of a numl>er of infecting agents, each of which is 
similar but not identical in its nature,” the apparently simple 
infection lieing “in reality a complex phenomenon brought 
about by a number of varieties ami sub-varieties of the given 
microlie." He suggests, therefore, that in a. txphoid infection 
a particular race of typhoid bacilli is in excess, and when the 
anti-lsidies for this particular race have Im*cii formed in 
sufficient quantity, the disease process coiges to an end. Then* 
may, however, lie present at the same time other races which 
have produced little of their sp«*cilic anti-bodies : these then 
lx*gin to grow and multiply, and a relapse ensues. 

In the ease of relapsing fever the organism is probably a 
protozoan, and in this and other protozoan diseases relapses 
coincide with developmental cycles of the parasite, e. <j. in 
malaria. 

Clinical Diagnosis. 

(1) Blood culture *.—Three to- r » c.c.nf blond are withdrawn 
from a superficial vein with a syringe with aseptic precautions, 
and 0"5 c.c. of the blood so obtained is sown into each of 

1 Journ. Path, itml Hart., vol. vii, 11)01, No. !l, \> - I"' 
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several tubes containing 15 to 20 c.c. of sterile broth. The 
tubes tire incubated at 37° C., aud if organisms develop these 
are isolated aud examined culturally for the typhoid bacillus. 
Coleman and Buxton recommend the following culture 
medium : Ox-bile 90 c.c., glycerin 10 c.c., and peptone 2 grin. 
Distribute in small flasks, 20 c.c. in each, and sterilise. Each 
flask is inoculated with 2 to 3 c.c. of blood, incubated for 
eighteen to twenty-four hours, then streaks from each are 
made on to litmus lactose agar plates, which are incubated 
for a few hours. If the growth dos * not redden the medium 
and a typhoid-like bacillus is present, it is tested for agglutina¬ 
tion with typhoid-immune serum. 

(2) Agglutination reaction .—This is carried out by the 
microscopic or the macroscopic (sedimentation) method 
descrilied at p. 198. Dilutions of 1 : 30 and 1 : 50 should be 
made, and some make a 1:100 in addition. The microscopic 
method is the more rapid. Various apparatus (aggluti- 
nometers) can lie obtained, consisting of measuring devices 
aud a supply of dead culture, with which the sedimentation 
test can be carried out bv anyone, aud seem to lie satisfactory. 

(3) Ophthahno-diagnoeis.— Chantemesse (lot:, tit.) has 
devised a method analogous to the ophthalmo-diagnosis for 
tuberculosis (p. 349). The material is prepared from agar 
cultures of typhoid which are emulsified, dried, triturated, 
and extracted, aud the extract is precipitated with absolute 
alcohol and dried (for details see Hewlett’s Serum Therapy, 
p. 382). The dry substance is powdered in an agate mortar, 
aud for use 8 to ID mgrm. are dissolved in 1 c.c. of sterile 
water. Of this solution a drop is instilled into the conjunctival 
sac ; in a case of typhoid, after a lapse of two to three hours 
the conjunctiva becomes red and there is a sensation of heat, 
after six to ten hours there is a marked conjunctivitis, which 
may persist, for one to three days aud then passes off. In 
healthy persons and in other diseases no conjunct ivitis ensues. 
A cutaneous reaction has also lieen devised. 

(4) Puncture of the spleen with a uteri lined hypodermic 
needle and syringe. — A little of the blood and pulp is withdrawn 
with the syringe, aud cultivations are made us in (1). This 
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method seems hardly justifiable, and now that (he blood- 
culture method and agglutination reaction have lieon 
introduced should l>e discarded. 

(5) Examination of pit*. -Cultivations may Is- made as 
in (1) if the bacillus is present, apparently in pure culture. 
If not, plate cultivations, preferably on litmus lactose agar, 
Couradi-Drigalski, malachite- or brilliant-green, agar, may Ik* 
prepared (see “ Water "). 

((») Examination of the stools .—This is hardly practicable 
for clinical diagnosis; it takes too long, is tedious and 
uncertain. Plate cultivations from tin* diluted stools art* 
made on Couradi-Drigalski, malachite- or brilliant-green, agar 
(see “ Water "). 


The Gartner or Enteritidis Group of Bacilli. 

The Gartner group of bacilli, of which the (\|h* is the If. 
vnteritidis of Giirtner, are bacilli morphologically resembling 
the B. typhosus, i. e. they are pleomorphic, actively motile, 
multi-flagellate, non-sporing, and non-tlram-stainiiig, but 
culturally are intermediate lietween 11 . typhosus and B. roll. 
Thus, like B. roli, they ferment glucose with the production 
of gas and acid and change neutral red : like If. typhosus they 
do not attack lactose and do not curdle milk. In litmus milk 
they usually first produce slight acidity , followed after three 
to four days by a change to alkalinity, and the milk ultimately 
I >ecoiucs limpid. The fermentation reactions of some memU-rs 
of the Giirtner group are given in the table on p PMi. I he 
organisms of the Giirtner group may lie divided into four sub¬ 
groups s . 

1. Enter it idis group .—Produce acute gastrointestinal dis¬ 
turbance in man. The cause of epidemic nioal-jMiisoiiing, «•.»/. 
the If. enteritidis of Giirtner. 

2. Pneumonic group.— Vr<shue pneumonic symptoms m 
man. The cause of some outbreaks of epidemic pneumonia, 
e.g. B. psittacosis. 

3. Paratyphoid group .—Produce a disease resembling 
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typhoid fever in man. May also produce “ food-poisoning ” 
with gastro-enteritis. Subdivisions a or a and b or /3. 

4. Group non-pathogenic to man, e. y. B. typhi murium. 

The Bacillus enteritidis. 

A number of outbreaks of wliat lias been termed 
“epidemic meat poisoning” have been traced to infec¬ 
tion with the li. enteritidis. (See also “ Food 
Poisoning,” Chap. XXI.) The disease takes the form 
of an acute gastro-enteritis—urticaria, abdominal pain, 
vomiting, diarrhoea, nervous symptoms and collapse— 
oecuring from eight to thirty-six hours after partaking 
of a meat meal, usually pork (sausage, pork-pie, ham), 
occasionally beef and tinned meat. The principal 
outbreaks of this nature have been those at Jena, in 
1888, investigated by tliirtner, and from which he 
isolated the type form of the li. enteritidis ; Welbeck 
in 1880; Middlesborougli in 1888; Mansfield in 1896; 
and Derby in 1902. A small outbreak occurred at 
Bedford in 1907.' Those outbreaks are usually caused 
by varieties of the li. enteritidin having the general 
characters of the group, which usually do not ferment 
lactose, and are distinguishable by agglutination 
reactions and fixation tests, the organism isolated as a 
rule agglutinating well with the patient’s serum. 

The B. enteritidis in morphology, motility, and 
staining reactions resembles the B. typhosus, forms no, 
or only traces of, indole, and changes neutral rod to a 
fluorescent yellowish colour. Litmus milk after a faint 
acidity becomes alkaline, and is converted into a thin 
watery translucent fluid, without coagulation. It does 
not attack either salicin or glycerin. The fermentation 
reactions are given in the table on p. 400. Savage* 

» Public Health, vol. xx, 1007-8, p. 310. 

* Rep. Med. Off. Lot. Gov. Board for 1900-10, p. 440. 
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obtained this organism from only one out of Hfty-flirve 
specimens of liunian excreta examined. A number of 
variants were isolated from various materials, some 
fermenting salicin, some glycerin, and some both these 
substances (See “Meat,” Chap. ,\X1). 

Swine Fever or Hog Cholera.' 

Swine fever, or hog cholera (to Ik* distinguished from 
swine erysipelas, which sot*), is an infective disease of pigs, 
highly contagious, and causing considerable mortality. The 
duration of the affection is usually three to four weeks; the 
auimals lie about, their teni|»eraturo is raised, and they may 
suffer from cough and frequent respiration, and some lame¬ 
ness in the hind legs. Towards the end mucous diarrlm-a is 
a prominent symptom, l’ost mortem, the large intestine is 
found to lie ulcerated, the ulcers much resembling the ttplmid 
ulcers of man, and m-cordiiig to Klein, pneumonia is 
commonly present, whence lie termed the disease •• piieiimo- 
euteritis.'' MeFadyean, however, from his own exjierience ami 
that of the Board of Agriculture, considers pneumonia, very 
infrequent. The ulcers occur mainly in the ciecimi and colon, 
and are due to a well-defined eireular necrosis involving tlm 
whole thickness of the mucous niombrs.no and occasionally 
extending to the wall of the bowel. A diffuse diphtheroid 
lesion also occurs, due to a siqiortioial necrosis with deposition 
of a thin layer of fibrinous exudate on the surface of the 
mucous membrane. All gradations an* found ls*t»«*en the 
well-defined circular necrosis and the diffuse diphtheroid 
lesion. 

An organism constantly present is a memlicr of the 
paratyphoid sub-group of the Gartner group (It. nuirUnterir 
or tmijtentifer, apparently identical with It. tn-rfri/rk . Imt it, 
seems to be a terminal infection and not the true a*tiological 
agent, as the blood and tissues filtered through u jsircelain 
filter are still infective- i.e. the organism is probably ultra* 

' See Uhlenhuth, Trans. Fourteenth Internal. Can*,, of Hygiene 
(Berlin, 1907), Bd. iv, p. 5U; Jonrn. Roy. Inst. Fnh. Health, lull. 
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microscopic. Some confusion exists in the nomenclature of 
the disease. Swine fever is the British, and hog cholera the 
American, name. In addition, a disease of* swine was formally. 
described under the designation “ swine plague ” (“ Schweine- 
seuclie,” Schutz). This clinically much resembles swine fever, 
but pneumonia is a prominent lesion, and a non-motile, 
stumpy, bi-polar staining bacillus belonging to the group of 
the liEBmorrhagic septicmmic bacilli is present (see under 
“Chicken Cholera”). This is now regarded as a secondary 
infection and the disease as lieing really swine fever. The B 
auicholerte is apparently identical with the B. icteroides 
of Sanarelli. (See also Chap. XIX.) 

Although the lesions are very similar, swine fever has nothing 
to do with typhoid fever of man, nor with ulcerative colitis. 

Other organisms belonging to the Gartner group are: 

1. The Danysz bacillus, used as a virus for exterminating 
rats (the Danysz virus). 

2. The B. icteroides of Sanarelli, supposed by him to be 
the cause of yellow fever, but apparently identical with the 
It. suicholerw (see “Yellow Fever,” Chap. XIX). 

3. The B. typhi murium of Loftier, used as a virus for 
exterminating mice. 

4. The B. psittacosis of Nocard, causing an infective 
disease of parrots and transmissible to man (bird-fanciers, 
etc.), in whom it produces a severe and often fatal broncho¬ 
pneumonia. 

5. Summer diarrhoea. —Morgan 1 concluded that the 
summer or epidemic diarrhoea of infants is not caused by the' 
dysentery bacillus (see p. 401). In 50 per cent, of the cases 
he isolated a bacillus which appears to be most closely allied 
to the liog-cholera bacillus, differing from the latter by 
producing alkalinity in litmus milk (without previous acidity) 
and much indole, and by failing to produce acid and gas from 
mannitol, arabinose, maltose, and dextrin. Eyre and Minett 3 

1 Brit. Med. Journ., 1000, vol. i, pp. 006 and 1101; t bid., 1007, vol. i, 

p. 10. 

* Brit. Med. ,/ours., 1000, vol. i, p. 1227. 
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examined the normal faces of sixty voting children, aud in 
four only isolated a bacillus allied to the Morgan bacillus. 
The method of isolation was by means of plates of bile-salt 
agar containing 1 per cent, of mannitol and coloured with 
neutral red. (See also Chap. XX.) 

Para-typhoid Fever . 1 

The name “ paru-colon " bacillus was given by Gilbert in 
1895 to races of bacilli intermediate in tyjs* lad ween the 
typhoid bacillus and the colon bacillus, and this designation 
was also applied by Widal aud Nobccourt to a Imcilhis 
isolated by them from an abscess in the neiglilwnirhood of 
the thyroid. The name “ para-typhoid" burillus appears 
first to have been used by Arehard and Bonsuudein 1896, aud 
was reintroduced by Schott in ii Her in 1901, and would seem 
to be tlie preferable designation for those micro-organisms that 
produce typhoidal symptoms. 

Para-typhoid fever limy be defined as a disease much 
resembling typhoid fever in its clinical aspect, which is, 
however, eaused, not by the typhoid bacillus, but by 
organisms belonging to the para-typhoid sub-group of 
the Gartner group of bacilli. Para-typhoid infections 
sometimes occur in epidemics, may be spread by 
drinking-water and by “carriers,” and occur in all 
purts of tho world. 

Para-typhoid bacilli are also occasionally the 
pathogenic agents in eases of “food poisoning with 
gastro-enteritis, particularly B. sniprxtifrr (or untnjck). 

The para-typhoid bacilli are morphologically like the 
typhoid bacillus and are actively motile, but they 
ferment glucose with the production both of acid am 
of gaa. A number of races have been isolated differing 

' See Savage. Rep. Med. Off. Loe. One. Roanl for !««-». P- 
llaiabridge and O’Brien, Jouru. of Hygiene, vol. ». p. «*» 

(Bibliog.). 
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from one another in their source, rate of fermentation 
of glucose, action on milk, action on neutral red, and 
agglutination reaction, and are distinguished by the 
names of those who isolated them. 

Two groups of the para-typhoid may be distinguished 
which have been termed a and u by Buxton. Group a 
produces less gas in glucose media than group b ; with 
group A milk remains permanently acid ; with group B 
it becomes alkaline after a transient acidity; and 
though group A changes neutral red to yellow, the red 
colour tend to return after three weeks or so, while 
with group n the yellow colour is permanent. That is 
to say, in its reactions group A is allied more closely to 
the typhoid bacillus than group u. 

B. fiurati/jihonun a or a is rarely found, the vast 
majority of cases of para-typlioid fever being associated 
with the presence of the a or /j type. The fermentation 
reactions of some of the para-typhoid bacilli are given 
in the table on p. 400. 

As regards the agglutination reaction, the blood of 
the para-typhoid fever patient either does not 
agglutinate the typhoid bacillus or agglutinates it only 
in low dilution— v.ij. 1 in 10 to 40, while it agglutinates 
the para-typlioid bacilli in far higher dilution— e.y. 1 in 
100 or 200, or even higher; thus in Cushing’s case the 
patient’s serum agglutinated the para-typhoid bacillus 
isolated from it up to J in 8000. 

The diagnosis of para-typlioid fever would be based 
on (a) the agglutination reaction ; (h) the isolation of a 
para-typhoid bacillus by cultures from the blood (p. H89). 

Bacillus dy sent er tee. 

In one type of dysentery, tho so-called epidemic or 
bacillary form (see “ Dysentery,” Chap. XX), a bacillus. 
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JJ. tjyftenferin is the causative agent. The 11. thjm nhrhv 
includes a group of closely allied organisms. 

The dysentery bacillus was first isolated in 1897 by 
Shiga in Japan. Somewhat later Kruse isolated an 
almost identical bacillus in (Scrnmny, and this type is 
known as the Shiga-Kruse type. Later, Flexner and 
Strong isolated another type of the dysentery bacillus, 
and during the last few years similar organisms, but 
differing from the Shiga-Kruse and Flexner types in 
some of their fermentation and other reactions, have 
been isolated ; these are sometimes termed “ pseudo- 
dysentery ” bacilli. 

The Shiga-Kruse and other types of dysentery 
bacilli have been isolated by Flexner and Strong in the 
Philippines, Park, Duval, Bassett, Martini, Miss, Bussell 
and others in the United States, Castellani in ( evlmi, 
Kogers and others in India, Buffer and \\ ill more in 
Egypt (K1 Tor), and Eyre, MeWeeney and others in the 
British Isles. 

Morphology .—The B. ,Ujsruhri:v an* small slender 
bacilli much resembling the colon bacillus. 1 hey are 
non-motile, but Brownian movement is often active, 
Grain-negative, and non-sporing, and are readily 
destroyed by heat (58°—60° and antiseptics. 

Cultural character/i .—The dysentery bacilli are aerobic 
and facultatively anaerobic. On agar a thinnish creamy 
growth develops; on gelatin a white growth nearly 
limited to the inoculation track, and without li«piefac- 
tion. The colonies on a gelatin plate closely resemble 
those of the typhoid bacillus. On jsitatn the growth is 
either thin, grey and slightly visible, or thicker and 
yellowish or brownish. The colour of neutral red media 
is unaltered. Litmus milk first becomes faintly acid, 

1 Flagella have been described bv some observer*, but cannot 
usually be demonstrated. 
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then markedly alkaline; no clotting. Indole is 
generally not formed; occasionally a trace may be 
detected. All strains ferment glucose with the forma¬ 
tion of acid only, no gas; none ferments lactose. 
Some strains (the Flexner type) ferment mannitol with 
the formation of acid only, no gas; other strains (the 
Shiga-Kruse type) have no action on this alcohol. The 
principal fermentation and other reactions are given in 
the table on p. 400. These reactions are very variable 
with different stains, but differentiation may be 
accomplished by agglutination, saturation, and com¬ 
plement fixation, tests. 

Agglutination reaction .—The agglutination reaction is 
given by the blood of patients suffering from tho 
bacillary form of dysentery, but not by the amoebic form 
(unless a double infection be present, which occasionally 
is the case). The agglutination reaction is obtained in 
dilutions of 1 in 10 to 1 in 100, but may occur only 
with the particular strain causing the infection. 1 Thus 
by the agglutination reaction variations between 
different strains of the B. di/senteriat may be detected. 

Pathogenic action .—The organism seems limited to 
the bowel and its mucous membrane and does not gain 
aocess to tho blood. No characteristic lesions are 
produced in animals by administration of the dysentery 
bacillus per o«. In man, cultures given by the mouth 
are stated to have induced a typical dysentery. 
Animals such as rabbits, guinea-pigs and inice are very 
sensitive to injections of living and killed cultures; in 
fact, it is very difficult to immunise animals against the 
organism. Amounts of 0* 1-0-2 mgrm. of an agar 
oulture given intra-venously or intra-peritoneally are 
fatal to these animals. 

In man the organism is abundant in the bloody 

1 See Hewlett, Tran*. Path. 8ar. Land., vol. lv, 190*. p. 51. 
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mucoid discharge from the bowel, and at an early stage 
is easy to isolate by means of Conradi-Drigalski agar 
plates, on which it forms small blue colonies; at’a later 
stage (after two to three days) the other organisms in 
the bowel multiply to such an extent that isolation may 
become very difficult. “ Carriers ” occur and help to 
spread the disease, which may l»e conveyed l»v infected 
water and food and by flies. 

Toxin* —Tho filtrate of dysentery cultures (four to 
six weeks old) in a somewhat highly alkaline broth 
(broth just alkaline to litmus + 7 e.e. normal NaOH 
per litre) is markedly toxic. O' l c.c. being a fatal dose 
for a large rabbit. 1 

Antiserum and vaccine .—The serum of horses 
immunised with the toxin, or with dead and then with 
living cultures, possesses marked antitoxic properties, 
and the nse of this antitoxic serum has been successful 
in cases of acute bacillary dysentery. Shiga obtained 
a reduction in mortality from 22 to 7 per cent, by the 
use of serum in a severe epidemic, and striking results 
were obtained by Huffer and Willmore* in Kgvpt. It 
is necessary, however, to employ a serum prepared 
with the particular strain of the disease. 

When the disease has become chronic the use of a 
vaccine, consisting of a culture sterilised by heat, is 
sometimes beneficinl. Castellani also suggests the use 
of a vaccine for prophylactic purposes. 

Para-dyeentery bacilli .—In the dysenteries of Ceylon, 
Castellani 3 has sometimes isolated dysentery bacilli 
nearly related to the Shiga-Kruse type, but showing 
differences from it in agglutination, persistence of acid 

* Todd, Jours, of Hygiene, vol. iv, 1004, p. 4N) (Hihliog.l. 

* BrU. Med. Jour*.. 1900, vol. ii, p. 862, »nd into, vol. Ii, p. 1519. 

1 Jour*. <ff Hygiene, vol. iv, 1904, p. 495. 



1 Fermentation Reaction* of Orgauitm* belonging to the Typhoid-Col* group, with othert. 


Manual of Bacteriology 


•iioiuhoh 

r 

UJOrfu! 

■9UO9J0 ( 1 MUf) 


HP awwniO 


I I I I I I 


+ ^ + U i ■ + . 


•*uii*>k I 


+ + i i + 


■niw®o 10 

nop0Hi0i»l>i'[ 

mm nmn ! 


: : H- 

I I I I I 

<<<< <i 

: 'III 


•«9|UU«H j 
'jnitiii-saui) | 


+ +!-; + 


■aw?piK | 



ll 6 

£5* 3 

a 

a JIM 

l Kh 

l li|l 

«i aq 


t i I 

I * I 


■CmI production only. U = curdling: of milk. = first acid, then alkaline. 

acid and gat* production, or positive. — = no cliange in medium, or negative. ... = not tested, 
sometimes acid and gas production, sometimes no change ; or sometimes positive, sometimes negntivc. 





The Colon Bacillus 401 

reaction in .litmus milk, and virulence ; these he has 
termed “ para-dysentery ” bacilli. , 

Asylum* dysentery and summer diurrl.ua of infants. 

Both in America and in Ku^laml some eases of 
summer diarrhoea of infants are found to be associated 
with the B. dysenteric (see above, p. :1U4). The asylums 
or .institutional dysentery, or ulcerative colitis, is also 
due to this organism, and the blood of patients gives 
the agglutination reaction. 1 In both instances the 
B. dysenteric present is of the Shigu-Kruso tvpc. 

Bacillus coll. 

lhe Bacillus cidi, or colon bacillus (B. coli com¬ 
munis), is an organism of considerable importance, both 
in connection with the Bacillus tyjdiosus, in pathological 
processes, and in water supplies as an indication of 
pollution. As its name implies it is a constant inhabi¬ 
tant of the intestinal tract in man and auiuiats (except 
perhaps in certain arctic animals), and is one of the 
most widely distributed organisms in nature. While 
the term “colon bacillus” is applied to a fairly well- 
defined organism (the “typical B. #■«//”), there arc a 
number of allied organisms differing, from the type in 
one or move characters— e. //. motility, iiuhilc p roduc tion, 
fermeut at i o mcact ions. rate and extent of milk curdling, 
e tc.—and theso varieties are said to belong to the 
“colon group,” or are termed “coliform.” 

The B. coli may be readily isolated by inoculating 
litmus lactose bile-salt peptone-water tubes with a trace 
°f a suspension of fresh fasces, growing- Xoc—from 
twenty-four to fnrfy-oigbt h ours at..42° C -. and plating 
the cul ture o n litmus (anfo s e agar, on gdaiin, or on 
Conradi-Drigalski or by direct plating of the 

1 Hewlett, Trans. Path. Soe. Land., voL lv, 1004, p, fit. 
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ftBce£ ’ suspension on the last-named medium (see also 
“Water”). 

Morphology .—The B. coli is a shoct-xod-with rounded 
ends. 2 or 3 |i lon pr and 0*4 to 0*6 p broad, frequently 
linked - in pairs or more. It is often so short that it is 
merely ovoid in shape; and, on the other hand, longer 
individuals and involution forms occur 10 p or more 
in length (Plate XIII., 1). It is feebly, motile, and 
possesses lateral flagel la to the number of three or four 
on an average, which are shorter and straighter than 
those of the typhoid' bacillus. It is sometimes met 
with in a. diplococcoid form, which by cultivation in 
ascitic fluid may become fixed. Capsulated forms have 
been described. 

Spore-for mation dpon nr.* but vacuolation may 

sometimes be observed. The organism is well stained 
by thw ordinary ».nilin A ya» r but is Gram-negativ e. 

Cultural characters .—The JB. coli is filmin'* and 

ft»mltn*” , ?)y —anaerobic, and gi-nwa yon .lily _on- -the 

ordinary culture media from 20° to 37° C. Jii_gg]atiu 
plates tha-colonies are visible in twenty-four to for tv- 
eight hours. The deep colonies are spherica l, granular, 
and of a p ale brow njali colour,. darkftg_at the centra 
th an at the periph ery. The super ficial oolnnia* are at 
first punctate, ro und and almost tr anspar ent, but sub¬ 
sequently spread on the surface and may attain a 
.diameter of 3 mm., their margins become irregular, the 
Burfftce is smo oth, they are finely granular, o pales cent 
in appearance, and are thicker at the centre than at 
the periphery (Fig. 41). On a gelatin streak a copious 
white, shining, Bmooth growth develops, the margins of 
which are irregular and crenated (Plate XIII., c), and in 
tqjf the medium becomes opalescent. 

- d o'i elop g al o ng 


I n a ge latin 
tfaeineo! 
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is-not liquefied. Oiuagar and on blood-scrum a thick, 
moist, shiuioig^^jdahJuyw^HHHS. There is ah’undunt 
formation-of gas in- Hrstab-culture in glucose-agar and 
itt-gelahn shake cultures (Fig. 42), provided the medium 
be made with meat; “ lemeo ” gelatin, however, gene¬ 
rally fails to give gas. On acid potato it &mtm~u 
straxy-yellow or brownish-yellow, moist, thick growth, 
but if the potato is not fresh and acid in reaction the 



Fm. 41.—Colouii-8 of the colon bacilliiM, siijiei-ticml nail ilt-oji. 

growth may be colourless. Milk is a good culture 
medium, and is.,curdled iu tweuty-four to seventy-two 
hours. This curdling is principally due, not to an 
enzyme, but to the formation of a considerable amount 
of lactic acid, though a milk-curdling enzyme lias been 
described by Savage 1 as being formed under certain 
conditions. The gas which is produced in culture 
media under anaerobic conditions consists of hydrogen 

1 Jourii. Paihul. and Bad., November, 1004. 
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and carbon dioxide. Under aerobic conditions marsh 
gas is ‘stated to be also formed. The ratio of H to 
C0 3 is about 2: 1 for dextrose and lactose. In broth 
it produces a general turbidity without film formation, 
and the culture gives the indole reaction on the addi¬ 
tion of a nitrite in twenty-four to forty-eight hours. 

The fermentation reactions are given in the table, 
p. 400. It will be seen that the B. coli is an active 
fermenter of many carbohydrates, alcohols, and glueo- 



li'iu. 12.—Colon bacillus. Gelatin shake culture showing pis 
production. 

sides, 1 v. tj. glucose, lactose, galactose, mannitol and dul- 
eitol, but not of udonit. Cane-sugar may or inny not be 
formented ; sonietimes only aeid is formed, sometimes 
both acid and gus are produced. To the variety pro¬ 
ducing both acid and gas from cane-sugar Durham 
gave the name B. coli commnnior. Prescott and 
Winslow consider that the term B. coli should be 
applied only to an organism that does not attack 
ketonic sugars. Neutral red in glucose broth is 
‘ Seo Twort, Proc. Roy. 8oc. Lond., B, vol. lxxviii, p. 320. 
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changed to a fluorescent yellow, ami Honston describes 
a typical B. roll as “ flnginac,” »'. e. producing a Hucres- 
cence in neutral red glucose peptoue-water (fl), acid 
and gas from glucose (ag), indole in peptone-water (in), 
and acid and purd in milk (uc). The colonies on 
Conrad i-Drigalski agar are large and red (see 
“Water”). The ]}. roli does not give tin* Yoges- 
Proskaner reaction (p. 410). 

T]»> <liff prc’*t ; pt : v n tlm it, j/.;; from tin* II. h/jiliosn* 
should present no difficulty if the morphology and 
motility of the organisms and their fermentation and 
agglutination reactions he compared. Ihieteriologisls 
usually make use of the following tests for the 
differentiation of B. roli: (I) Morphology, (2) motility, 
(3) (Irani staining, (4) character of growth and 
colonies on gelatin, (•"») linn-lupiefartion of gelatin, 
(fl) action on milk, (7) indole formation, fS) fermenta¬ 
tion of glucose, (9j fermentation of lactose and 
saccharose, (10) action on neutral red. MaeConkey 
suggests that instead of tests Nos. t, (5, 7, and 10, 
the following should he substituted : («) fermentation 
of dulcitol, hut not of adonit and inulin : d>) the \ oges- 
Proskauer reaction. 

Other media which have ls*on rrrnnunendi*d for the 
diffenmtiation of Jl. roli from II. Iifjilomiot an* the Proskauer- 
Cnpaldi media and Petruschky's litmus whey, hut are not 
now much used. 

The Proskauer-Capnldi medium No. 1 i« an as|»arugin- 
manuitol solution with certain salts; medium No. 'I is a 
peptone-water-mannitol solution llotli solutions are care¬ 
fully neutralised and tinged with litmus. 

If these media lie inoculat<*d with II. Iif/ihinoot and fl. ml! 
respectively aud ineubated at 37' C. f**r twenty-four hours, 
tlie following changes will l>e noted; 
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Medium No. 1. 

Medium No. 2. 

B. typhosus 

No growth or change 

Growth with strongly 

• 

in reaction. 

acid reaction. 

B. coli 

Growth with acid 

Growth with neutral 


reaction. 

or faintly alkaline 
reaction. 


Petruschky's litmus whey is prepared as follows: Fresh 
milk is warmed and the casein precipitated by the addition of 
a minimal amount of hydrochloric acid. It is filtered, and 
the filtrate of clear whey is carefully neutralised with dilute 
caustic soda solution. The fluid is then steamed for two 
hours and filtered; the filtrate should be clear, colourless, and 
neutral in reaction. Enough neutral litmus solution is then 
added to render it well coloured, and the mixture is distributed 
into test-tubes and sterilised. This medium is rendered 
slightly acid (represented by 6-10 c.c. N/10 caustic soda per 
cent.) by B. typhosus, very acid (40 50 c.c. ditto) by B. roll. 

The thermal dentil-point of the organism, according 
to Weisser and Sternberg, is 60° C. with an exposure of 
ten minutes. The B. cnli will grow freely in a slightly 
acid medium, and in media containing ns much ns 
0.15 per cent, of carbolic acid. In this respect it is 
a more resistant organism than the B. typhosus. 

Chemical products .— 'l’lie ncids produced are mainly 
Irovo-lactie neid with some dextro-lactic neid from 
glucose, hero-lactic acid only from mannitol ; nlso 
acetic, formic and succinic acids, and alcohol. Accord¬ 
ing to Harden, B. roll attacks glucose in a character¬ 
istic manner, each molecular proportion of sugar 
yielding half a molecular proportion of acetic acid 
and of alcohol, and one molecular proportion of lactic 
acid, together with a small amount of succinic acid, 
and gaseous carbonic acid and hydrogen. 1 Nitrates 
are reduced to nitrites. 

* See also Rrvis, Ceufr.f. Bal t. (2*» Aht.), xxvi. 1910, p. 101. 
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Pathogenicity of Colon Bacillus 

No toxin, or a trace only, is formed in cultures, but 
the dead bacilli are toxic and pyogenic, and a toxin is 
obtained by autolysis of cultures or by triturating the 
bacilli with liquid air (Macfadycn). 

Vaughan, 1 by washing large quantities of colon and 
typhoid bacilli, extracting the bacterial cells first with 
alcohol, then with ether, and then digesting tin* ground 
residue with alcohol containing 2 per rent. NiiOII, 
states that two constituents arc obtained, one soluble in 
alcohol and toxic, the other insoluble in alcohol and 
non-toxic. The latter confers a certain degree of 
immunity on animals injected with it. 

Pathogenicity .—The pathogenic action and patho¬ 
genicity of the B. coil are very varied. Introduced 
into the circulation or into the peritoneal cavity in 
guinea-pigs or rabbits it usually causes death in from 
one to three days with a general sept anemia. Some 
varieties are, however, lion-virulent to animals. 

In man the colon bacillus is associated with a 
number of important pathological processes. It is 
usually the organism causing the peritonitis which 
is due to infection from the intestine, as in hernia with 
obstruction or perforation, in ulceration of the bowel 
and enteritis, in cancerous growths, and affections of 
the nppemlix, biliary canals, and gall-bladder. I lie 
exudation in these cases is often characteristic ; at first 
it is clear and greenish, it then becomes greenish- 
yellow, thin, semi-opaque and foul-smelling, and finally 
purulent. An important point is that the colon 
bacillus may pass through the intestinal wall where* it 
1ms been damaged, as by strangulation, but not yet 
perforated. 

The It. coli is a pyogenic organism, and has been 

1 Tran*. Fourteenth Internal. Cony. Ilyr'"' ( H ‘‘ rlin - IM ,V ’ 

p. 2H. 



408 Manual of Bacteriology 

met with in ischio-rectal abscesses (probably .the 
B. pyogenes fetidus of Passet). Possibly it causes 
in some instances the pneumonia and pleurisy occurring 
after peritonitis, for it has been obtained from the 
lung and pleura in these conditions, but it must be 
recognised that the B. coli is a common secondary or 
terminal infection. Puerperal fever is another con¬ 
dition sometimes caused by the B. coli, and cystitis 
and infections after urinary operations are also commonly 
due to it. 

In the Pictou cattle disease, characterised by 
extensive hepatic cirrhosis, Adami found a minute 
diplococcus or short bacillus. A similar form was 
afterwards isolated by him in hepatic cirrhosis in man. 
Miss Abbot, 1 from a study of several such cases, caino 
to the conclusion that this organism is a variety of the 
B. coli. It has been suggested that hepatic cirrhosis 
is produced by poisons or toxins, e. g. of the B. coli, 
and that alcoholism, the usual cause assigned, is but an 
exciting or secondary agent. . 

Anti-sertim and vaccine. —Attempts have been made 
tp prepare an anti-serum for B. coli infections but they 
have met with little or no success. 

A vaccine prepared by sterilising cultures by heat 
and standardising has been used successfully in the 
treatment of chronic B. coli infections, e.g. cholangitis, 
cholecystitis, pyelitis, and cystitis. The B. coli vaccine 
ift more toxic than most vaccines, and small doses must 
therefore be given (see p. 232). 

Clinical Examination. 

(1) The appearance and odour of the pus are often charac¬ 
teristic. Smears of the pus show small bacilli, which are 
decolorised by Oram's method. 

* Jfum. Path, and Bact., vol. vi, 1900, No. 3, p. 316 (Bibliog.). 



Varieties of Bacillus Coll 


409 


(2) The organism may be isolated by plating on gelatin, 
agar, litmus lactose agar, Conradi-Drig&lski agar, oj by the 
use of neutral red or bile-salt media (see “ Water"). The 
isolated organism must be tested as to its morphology 
motility, non-Gyam staining, non-liquefaction of gelatin, 
indole production, curdling of milk, and fermentation of 
glucose, lactose, dulcitol, mannitol, etc. 

(8) An agglutination reaction may likewise Is* tried, but if 
negative is of little value, as there are so many varieties of 
the colon bacillus, and one variety may not 1 h* agglutinated 
by the specific serum obtained with another variety. A 
positive reaction must also lie carefully controlled, as the colon 
bacillus is much more readily agglutinated l»v normal serum 
than is the typhoid bacillus. 


Varieties of Bacillus coll. 

Organisms are frequently met with in fwces, manure, 
sewage and polluted water which resemble the typical B. roll 
in many of their characters, but which differ from it in certain 
particulars. Thus the colonies on gelatin, instead of being 
smooth, may lie wrinkled ; milk may la- but slowly curdled 
(three to eight days) ; acid or gas production, or both, »» 
sugars may be less marked than usual. These organisms 
are generallv regarded as varieties of the II. roll, and are 
perhaps derived from typical It- ro/i. There is, lowiver, 
little evidence that B. roll can Is- transformed into sucl 
varieties, or that these varieties can Is* reconvertedI into t.vpicat 
B. coli. Revis (Inc. cit.) lias obtained evidence of rvltsTiati 
of fermentive power, and in the characters o ie c«» o 
of certain coliform organisms. 

Organisms that have been Regarded as Variants 
of B. coll. 

A number of organisms have lawn regarded J* 
varieties of the B. call (consult table of fermentation re¬ 
actions, p. 400). 
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(1) Bacillus caoicida (Brieger).—This resembles B. colt in 
most of its characters, but was stated to be non-motile. 
MacConkey says it is motile. 

(2) Bacillus neapolitanus (Emmerich).—Isolated from the 
bowel in cases of cholera. It differs from B. coli by not being 
motile, and by fermenting cane sugar. 

(3) Gas-forming bacilli of Laser and Gartner. 1 

(4) Aerobic bacillus of malignant oedema (Klein). 

(5) Bacillus lactic arrogates of Eseherich.—Found in the 
intestine of nurslings. Much like B. coli, but is non-motile. 
It differs from B. coli by not fermenting dulcitol, by fermenting 
saccharose and adonit, and by' giving the Voges-Proskauer 
reaction (see table, p. 400). According to Harden and 
Walpole, 2 its action on glucose differs from that of B. coli, 
more alcohol being produced and formed at the expense of 
that. part, of the molecule of tlio sugar which in the B. coli 
fermentation yields acetic and lactic acids. 

The Voges-Proskauer reaction is obtained by growing the 
organism in 2 per cent, glucose broth in a fermentation tube 
(Fig. 17, p. 85) for three days and adding some strong caustic 
potash solution ; on standing exposed to the air a pink colour 
develops. According to Harden and Walpole 3 the reaction is 
probably due to acetylmethyl-carbinol, which m the presence 
of air and potash is oxidised into diacetyl, which then reacts 
with Borne constituent of the peptone in the medium, giving 
the pink colour. 

The B. lartis arrogates (which may lie classed among the 
capsulated luicilli, see p. 271) is occasionally pathogenic, 
causing peritonitis.* In these circumstances, it is capsulated, 
biit. the capsule is difficult to stain. 

(6) B. cloacte (Jordan).—Met with in sewage. In general 
characters it much resembles B. coli, but produces more gas 

* Centr. f. Halt. (l ,r Aht.), xiii, 1893, p. 217, and xv, 1804, pp. 1 
and 270. 

a Jo urn. of Hygiene , vol. v, 1905, p.488; Proe. Roy. Snr. Land., b, 
vol. Ixxvii, 1900, p. 390. 

* Prnr, Roy. Sue. Lon rf„ b, vol. Ixxvii. 1900, p. 399. 

4 See Churchman, Mm Ilopl-in* Hntp. Bull., vol. xxii, 1911, p. 119. 
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Fly-borne Infection 

(75 percent.) from glucose and liquefies gelatin iu four to five 
to thirty days. Like B. lactis arrog me*, saccharose is.ulways 
fermented and the Voges-Proskauer reaction is positive, but 
neither dulcitol nor adonit is fermented. (See table, p. 400.) 

Flies as Carriers of Infection. 

Flies and other “insects” may convey infection (1) by 

infecting food, etc., (2) by direct inoculati.. by inocula- 

tiou after a cycle of development -in which case ..irrier is 

more or less specific; e. <j. anopheline mosquitoes iu malaria. 
In the first method the organisms an* generally Itacteria. 
occasionally ova of worms; in the second, Iweteria or protozoa ; 
in the third, invaiiably protozoa, lilaria. etc., i. miiiiml 
organisms. 

The ordinary domestic fly, the blue-bottle and other similar 
flies (of which there are many) have no biting proWis, but 
undoubtedly carry infection by infecting lood, etc, directly 
by orgauisms upon various parts of their InnIv. or by the 
organisms passing through tin 1 digestive tract and infecting 
the food with the faces. In this way. typhoid, bacillary 
dysentery, B. enterMUli*, summer diarrluea. cholera, ami 
possibly anthrax may Is 1 conveyed. 

The ordinary house-fly bm*ds iu dung and garbage 
containing duug, and it has a possible range of flight of about 
a mile. The house-fly experimentally inhrted remains grossly 
infected for at least three days, and a snriller degree of 
infection jiersists for ten days or even longer. 1 

1 8 . h » Report* to the L»r. dor. «<«».</ <»t File* on I'arrien »f Infrrtwa. 
Nos. 1-4, 1910 and 1911. 
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CHAPTER XI. 

BUBONIC PLAGUE—CHICKEN CHOLERA-MOUSE SEPTICEMIA. 

Bubonic Plague. 

Plaque was epidemic throughout Europe during the 
Middle Ages; in England in the fourteenth century it 
appeared as the Black Death, and in the seventeenth 
century as the Great Plague, of London, while 
numerous other lesser visitations have been recorded. 
For some years plague has been practically pandemic. 
The disease seems always to have been endemic in 
certain centres, e. g. in Asia Minor, on the Persian 
Gulf, in Yunnan, in Uganda, etc. A characteristic of 
plague is the manner in which it appears and remains 
prevalent for a time in a district and then disappears, 
to reappear again after a considerable interval; this has 
happened not only in Europe, but also in Persia, 
Syria, India, and China. 

Throo main types of the disease are recognised, the 
bubonic in which the femoral (rarely the inguinal), 
axillary and other glands become enlarged (whence 
the disease derives its name), the septicsemic, and the 
pneumonic. In India the disease has been mainly 
bubonic (70 per cent, of the cases). Occasionally the 
majority of the cases are pneumonic, as was the case 
in Aocrfc, in 'China in 1910—11, and in the small out- 
b^galc'"i« Suffolk^ in 1910. Septiceeinic cases are the 
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exception, but any form tends to become soptiramiie on 
the approach of death. 

At the commencement and at the end of an epidemic 
the disease may assume an extremely mild type, the 
so-called “ pestis minor.” 

Bacilli were first observed in this disease in the 
blood, buboes, and organs by Kitusato in 1894. In 
the same year (1894) Yersin investigated the outbreak 



Fiu. 43.—Plague. Smear preparation from spleen of inoeulaU«I 
guinea-pig. * 1000. 

of bubonic plague at Hong Kong, and described the 
bacillus met with in the buboes and its cultural and 
pathogenic properties very fully. This organism is 
known as the Barillue pentin. 

Morphology .—The B. penlin belongs to the group of 
haemorrhagic septicmmic bacilli (chicken cholera, 
rabbit and ferret septicuemia, swine plague, etc., see 
p. 427), and is a markedly pleomorphic organism. In 
the animal body it occurs for the most part as a short, 
plump, non-sporing rod, measuring 2-3 p by l-2 p, 
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method, and subsequently staining with Loffler’s blue 
or weak gentian Violet. Sections are best stained with 
carbol methylene or thionine blue. 

Cultural characters.— The D. pest in is aerobic and 
facultatively anaerobic. On blood-serum it forms 
moist, smooth, shining, cream-coloured colonies or' 
growths, slightly raised above the 
surrounding medium. The blood- 
serum is not liquefied. 

On agar the colonies are raised, 
round and cream-coloured, finclv 
granular, denser at the centre than 
at the margins, which are regular. 

Size 0*25 to 0 5 mm. in two days at 
37° C. 

On surface agar the B. peslis forms 
a thick, opaque, moist, smooth, cream- 
coloured growth, the margins of 
which are usually markedly crenated 
(Fig. 44) ; the growth is very sticky 
and tenacious. Haffkine states that 
when grown on dry agar (agar which 
has been kept in the warm incubator 
for two to three weeks) and viewed 
from behind the growth has an Vm.44. — Plngur, 
appearance like that given by the glycerine agar, 

back of a mirror— i. e. a dull, silvery furiy-clght liuim 

appearance. 

Oil a salt agar (2*5-3*5 per cent, of sodium chloride) 
Hankin describes the development of remarkable 
spherical or pear-shaped involution forms. 

On gelatin the colonies are whitish, filmy, finely 
granular with regular margins. Size, 0' 1 to 0 - 25 mm. 
in five days at 22° C. 

On surface gelatin the organism forms a thin, white. 
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granular growth, with slightly irregular surface and 
margins, and nearly confined to the inoculation track. 
The growth does not penetrate into the medium, nor 
does it render it cloudy. The growth is very adherent. 

In a stab gelatin culture a delicate whitish, finely 
granular growth develops to the end of the stab, with 
little tendency to spread from the needle track. The 
gelatin is not liquefied. Both in agar and gelatin 
cultures fresh punctate growths sometimes develop in 
the original growth, simulating a contamination. No 
growth occurs on ordinary potato, and milk is not 
coagulated. 

In broth the growth is somewhat characteristic. For 
two or three day the broth remains perfectly clear, but 
a fiocculent growth forms and gradually increases in 
amount on the bottom and so.metimes upon the sides of 
the tube. After some days the broth may become a 
little cloudy. A delicate fiocculent film develops if the 
tube be kept absolutely at rest. In broth to which a 
little butter-fat or ghee has been added little islands of 
growth appear on the surface, and from these fiocculent 
tapering dependent growths form in about a week, pro¬ 
vided the tubes or flasks be kept absolutely at rest, 
the bulk of the broth remaining clear. This is the 
stalactite growth of Haffkine, and is very characteristic 
{B. pneudo-tuberculosis also gives it). Broth cultures 
reduce a weak solution of methylene blue. 

With sulphuric acid alone a feeble indole reaction 
can be obtained with week-old broth cultures. With 
sulphuric acid and a nitrite a well-marked indole 
reaction can be obtained under the same conditions. 

The fermentation reactions of the B. pestis, which 
MacConkey has pointed out are practically identical 
with those by the B. pseudo-tuberculosis, are as follows : 
Acid production, but no gas, in glucose, Isevulose, 
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galactose, maltose, mannitol, and dextrin, no change 
in lactose, cane-sugar, and dulcitol. 

Action of antiseptic*, etc.—' The plague bacillus is 
readily destroyed by antiseptics ; a 1 : 1000 corrosive 
sublimate or 1 : 100 chloride of lime solution being 
efficient. An acid solution of corrosive sublimate is 
preferable, and for the practical disinfection of native 
houses a 1 : 250 solution of sulphuric acid may be 
employed. A temperature of 65° C. kills the organism 
in about fifteen minutes. Desiccation over sulphuric 
acid at 30° C. is also rapidly fatal. 

Vitality and virulence of culture*. — Cultures retain 
their vitality for at least a month. As regards viru¬ 
lence, the organism varies much according to the 
source from which it is obtained. Under cultivation 
it gradually loses its virulence unless subcultured in 
the following manner : The cultures are made every 
week on surface agar, are placed in the blood-heat in¬ 
cubator for twenty-four hours, and are then removed 
and kept at room temperature. If inoculated into 
animals the virulence may be heightened for a particular 
species by successive passages, but in so doing is 
diminished for other species. 

Pathogenic action. —In addition to man, the follow¬ 
ing animals are liable to contract plague under natural 
conditions—the monkey, cat, rat, mouse, squirrel, 
ground squirrel, ferret, bandicoot, anil marmot. The 
guinea-pig and rabbit are also susceptible to inocu¬ 
lation. The horse, cattle, sheep and goat are relatively 
insusceptible, though Simpson 1 stated that calves and 
.poultry may be infected by feeding, and suffer from 
a chronic form of the disease (this observation of 
Simpson’s j|as not been confirmed by other workers). 
Birds are hot easily susceptible, and vultures feeding 

1 Report on (he Plague in Hong Kong. 


27 
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on the corpses of the plague-stricken do not seem to 
contract the disease. The mouse, rat, and guinea-pig 
are the animals chiefly used for experimental purposes 
in the laboratory ; the first two are highly susceptible, 
a simple prick in the thigh with an infected needle 
being sufficient to induce the disease. 

A guinea-pig inoculated with plague material or with 
a pure cultivation usually dies in from two to seven 
days, the symptoms being sluggishness and loss of 
appetite, sometimes a discharge from the eyes, and 
towards the end staring coat and perhaps convulsive 
and paralytic attacks. The post-mortem appearances 
are extensive litemorrhagic oedema at the seat of in- 



Fia. 45.—Spleen of guinea-pig inoculated with plague. 

(Nat. size.) 

oculation, enlargement and congestion of the spleen, and 
enlargement of, and haemorrhages into, the inguinal and 
axillary lymphatic glands. If the animal live six or 
seven days, the glands may be as large as small nuts 
(see some admirable preparations in the College of 
Surgeous Museum). The spleen may be enormous, six 
times its natural size, and studded with small yellowish 
nodules resembling miliary tubercles, consisting of 
necrotic areas with masses of bacilli (Fig. 45) ; the 
lungs also may be more or less inflamed, and contain 
small and large necrotic foci. The bacilli are ex¬ 
tremely numerous at the seat of inoculation, in the 
glands, and in the spleen, less so in the peritoneal 
fluid, liver, and blood; if the death of the animal is 
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delayed tho exudation in tlio bronchi may contain 
considerable numbers. Some bacilli may generally 
be found in the duodenum, trachea, and larynx. Mice 
usually die in from two to three days, and rats in from 
three to seven days after inoculation. In rats and 
mice the post-mortem appearances are similar to those 
in the guinea-pig. A very small dose of a pure culture 
may fail to kill an inoculated animal. Hahbits an* 
much less susceptible to plague than guinea-pigs, and 
may be injected with considerable doses of living 
cultures without showing marked illness. Hats can be 
infected by feeding on the corpses or carcases of men 
or animals dead from the disease. 

In man the bacilli are found in lnrge numbers in the 
fluid in the buboes, either alone or mixed with strepto¬ 
cocci or micrococci, and in the sputum in the pneumonic 
form. Thev are not usually found in any number in 
the blood except in the septicaunic variety, or shortly 
before death, and in stained preparations appear as 
short plump bacilli, often in pairs, with polar staining 
and unstained centres (Plate XIV., n and /<). If the 
organisms are found to be free and numerous in the 
buboes the prognosis tends to be grave, but it they are 
largely present within the phagocytic polymorphonuclear 
leucocytes the prognosis is better and the disease will 

probably' remain localised. 

Toxins .—The plague bacillus forms but little toxin, 
the minimal fatal dose of the most active filtered broth 
culture for a mouse being about (H)‘2 e.e. In order to 
prepare a vaccine or an anti-serum it is necessary, 
therefore,to employ unfiltered cultures i>. the microbes 
themselves. 

Macfadycm obtained an endotoxin by triturating t, e 

bacilli frozen with liquid air. 

Vaccines and immunity .—Of the plague vaccines. 
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that of Haffkine, the Haffkine prophylactic, is the best 
known,jMid has been extensively employed. It consists 
essentially of a four to six weeks old bntter-fat broth 
culture of the plague bacillus, killed by heatin'g to 65° C. 
for an hour, with a small addition of antiseptic. As to 
the value of Haffkiuc’s prophylactic a mass of figures 
is available. By its use both the incidence of, and 
the mortality from, plague are markedly diminished. 
Wilkinson collected the following data of the efficiency 
of the vaccine : Among the inoculated the case incidence 
was 1‘8 and the case mortality 2U 9 per cent.; among 
the uninoculated the figures were 7'7 and 60'1 respec¬ 
tively. The immunising products seem to be mainly 
intracellular, but tlio broth itself is not without action. 

Other vaccines have also lieen devised. Lustig and Galeotti 
prepared one by digesting the growth from agar cultures with 
1 per cent, caustic soda solution, filtering through paper, and 
precipitating with very dilute acetic or hydrochloric acid, or 
by saturation with ammonium Bulphate. The precipitate is 
dissolved in a 0*5 per cent, solution of sodium carbonate, and 
filtered through a Chamberluud filter; this forms the vaccine 
fluid. Calmette prepared a vaccine by emulsifying an agar 
growth in water, well washing the organisms with sterile 
water to remove adherent toxin, emulsifying again in Bterile 
water, heating to 70° C. for on hour, and finally drying in 
vacuo. The dry substance can be kept for a considerable time 
without change. For use 1-2 mgr in. are emulsified in 2-2 e.c. 
of sterile salt solution and injected. 

. Yersiu proposed vaccinating with living culture of feeble 
virulence, which haB been done by Strong in Manilla. 
Though such a method might be used in a plague-stricken 
district, it is obviously one that can be used only with the 
greatest caution. 

Klein 1 has prepared a prophylactic by drying the organs 
of a guinea-pig dead of plague for three days at 46° C., 
1 Rep. Mtd. Of. Lot. Gov. Board for 1006-06. 
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rubbing the material to a powder, and further drying at 
27° C. for three days. Of this dry powder 15 lg nigrm. 
protected a rat, and 25 mgrm. a monkey. 

With reference to experimental immunity and protection 
in plague, Klein 1 found that a guinea-pig which had been 
three times iujeeted'with an uinount of living culture insuffi- 
cieut to kill was still capable of ljeing infected ; that the 
blood of a guinea-pig which had twice passed through an 
attack of plague did not contain mi appreciable amount of 
germicidal substances ; and that the immunisation of guinea- 
pigs by sterilised cultures is an extremely slow aud difficult 
process. Calmette also found that the guinea-pig was 
extremely difficult to immunise. 

Calmette, from lalioratory ex(ierinients, surmised that pro¬ 
tection with a vaccine is not attained for some days, and 
that in the interval susceptibility to infection is increased. 
These observations are not borne out in practice, for 
Baunerman 2 found that so far from there Wing an increase 
in mortality among those who have l**en inoculated and who 
develop plague within ten days of inoculation the reverse is 
the case, and that in a small community where the population 
had been partly vaccinated and partly not vaccinated, the 
incidence of plague during the week following vaccination 
was less among the vaccinated than among the unvacci- 
nuted, pointing to the rapid production of protection. 

Anti-jiluijuu fmi in. —'lhis is prepared by growing 
the U. on the surface of ngnr in plate bottles, 

washing off and emulsifying the growth, and for the 
eavVet \vvyic\Aom t\\e ev\\\W\uw \w Vented to fib” for 
one hour, and the commencing dose is part of a 
flask. The injections are given intru-venously at 
intervals of a week. At the end of three months 
the bactericidal power of the him si will have become 
very marked, and living cultures lire then injected 

* Bep. Med. Of. hoe. Gov. Board for IffWI 07, -V pp IS., !>• Jf. 

1 Centralbl.f. Bakt. (1«« Abt.), Bit. x*i*. 1». *7» (BiWiog.). 
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for a further period of ubout three months until 
a whol^o fiask-culture is given at a dose. An interval of 
a fortnight is allowed to elapse between the last 
dose and the bleeding of the animal. The serum is 
tested upon mice. 

The anti-plague scrum, which is mainly anti- 
microbie, is not very potent, and to bo of service large 
amounts and early treatment are essential. 1 

Epidemiology .—The mode of infection in man has 
been a matter of controversy. The pneumonic form 
arises generally from aerial infection by the respiratory 
tract. It is extremely fatal and infectious, while the 
bubonic and septiciumic varieties are hardly oven con¬ 
tagious. Although a gastric and intestinal form of 
the disease has been described, and there is evidence 
to show that food or drink may be the vehicle of 
infection, this must be a rare mode of infection. 
Yersin claimed to have isolated the bacillus from the 
dust and earth of a native dwelling, and llankin from 
the brackish water in a field. The observations of 
Hankiti and others indicate, however, that contagion 
is likely to occur only from immediate contact with 
man or animals, or their excretions, infected with 
plague, and not from a saprophytic form of the 
organism. 

Certain animals, especially the rat (Mutt rattu* and 
Mutt decitvtanus), are important agents in spreading the 
disease. The association of sickness and of death 
among the rats with an epidemic of plague has been 
established by a number of observations, and in some 
instances the opi/.ootic among the rats has been defi¬ 
nitely shown to precede the epidemic in man. The 
epidemics at Sydney are perhaps the most striking 
instances of rat-borne plague; discussing the first 
1 Sue Hewlett’s Serum Therapy, 1910. 
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one Tidswell says : “ The one clear fact in our epidemic 
was that human beings were not becoming infected 
from one another." In the first epidemic the mode of 
introduction of the disease was never traced to any 
human source. During an epidemic tho rats may be 
found in all stages of illness and the plague bacillus 
can be found in large numbers in their carcases. In 
the various epidemics at Sydney, eases of plague first 
occurred among the rats and mice, followed after uii 
interval of days or weeks by human cases. Other 
animals may also occasionally be the means of dis¬ 
seminating the disease. The experiments of the 
Advisory Committee on Plague Investigation in India 
have conclusively shown the important part played by 
rats in the dissemination of the disease, though the 
origin of the primary infection in rats is doubtful. 
They may possibly become infected from the dust of 
eartliorn floors of the native houses soiled with excreta 
or discharges of plague patients, or from their 
clothing, poultices or dressings, but the readiest method 
is probably by feeding on tho dead. Once tho epi¬ 
zootic has started, further infection is simple; rats 
fight, and so may directly inoculate ono another; tho 
sick rats may soil grain or other food-stuffs, and the 
dead rats are eaten by their fellows. Moreover, para¬ 
sitic insects, especially fleas, undoubtedly may transmit 
the disease from one animal to another. Thus it is 
found that if guinea-pigs be placed in a plague- 
infected house, many of the animals contract plague ; 
but if the animals be placed in cages of wire-gauze, 
the mesh of which is small enough to prevent 
access of fleas, the animals do not contract plague. 
The transmission of the disease from rats to man is 
similarly due to transmission by fleas (except in the 
pneumonic forms in which infection is direct from 
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the Hick to the healthy). The great majority of rat 
fleas are Xenopsylla cheopis, Ceratophyllua fasciatus, 
Cer. anitniK, Ctenopsylla musctili, and Ctenojththalmvs 
agyrtev, of which the first is most prevalent in the 
tropics and subtropical regions, the second in cooler 
regions. 1 The manner in which tlie periods in the 
year when human plague does not occur are bridged 
over is unknown. In such periods rats suffering from 
plague have been found, but these are regarded as 
having a retrogressive form of the disease rather than 
a chronic infection. The destruction of rats, either by 
trapping, poisoning, or asphyxiating, or by the use of 
the Danyas rat virus (see p. *104), is, therefore, one of 
the meuns to bo adopted in fighting the disease. The 
extermination of ruts seems quite impossible, but 
by rat destruction there is a likelihood of destroying 
infected animals and the subsequent development of a 
healthy race. 

On Plague, see Simpson, Treatise on Plague (Cambridge 
University Press); Klein, Bacteriology of Oriental Plague; 
‘•Reports on Plague Investigations in India,” Journ. of 
Hygiene (extra numbers), vols. vi-xi; Hep. of the Indian 
Plague Commission ; numerous reports published by the 
Indian Government. 

Clinical Examination. 

If it cannot, be examined immediately, plague material may 
be placed in a solution containing glycerine 20 c.c., distilled 
water 80 c.c., calcium carbonate 2 grm. The bacilli retain 
their vitality and virulence in this for thirteen days (Albrecht- 
Ghon method). 

(1) Withdraw a little of the fluid from the bubo by means 
of an antitoxin syringe. Make smears and Btain with 

1 See Chick and Martin, Journ. of Hygiene, vol. xi, 1911, p. 128 
(Bibliog.). 
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methylene or thionine blue. Search for short plump liacilli 
often in pairs, with polar staining and unstained centres. 
They are not stained by Gram's method. 

N.B. —There may be a mixture of organisms in the buboes, 

(2) Make agar plates and broth cultures. Incubate the 
cultures at 25°-27° C., not at 37° <J. From colonies on 
the agar plates the organism may lie isolated and its cultural 
and pathogenic characters ascertained. The appearance of 
the broth cultures, if characteristic, would lie very suggestive 
of plague, but if uniform turbidity develops this may be due 
to contaminating organisms, e. j. micrococci. 

(3) Inoculate mice, rats, or guinea-pigs suhciitaueously with 
the fluid or with the culture. Some of the animals should lie 
inoculated by the cutuneous method—rubbing a little of the 
material on the shaved abdomen, and also as in (4). Inocula¬ 
tion of rats serves to distinguish the B. pseuito-tulierculosis 
from the B. pest is. If the animals die, investigate l'or the 
Bacillus peslis by staining and culture methods. 

(4) In the pneumonic form, dilute the sputum with a little 
boiled water, inoculate several agar tulics, and incubate at. 
25°-27° C. Examine in two to three* days. Also daub the 
nostrils of a guinea-pig or nit with a brush or pledget of 
wool dipped in the diluted sputum, avoiding wounding the 
mucous membrane. Smears of the sputum may also Is* made, 
stained, and examined. Gram's method will distinguish the 
B. pestis from the Diplococeus jiueitmoni/c; the latter stains 
well by Gram. 

(5) Agglutination reaction. —The Indian Plague Commis¬ 
sioners state that in their opinion no practical value attaches 
to the method of scrum diagnosis in plague, but a modified 
method is considered by Dunliar 1 to lie of considerable value. 
The method is carried out as follows : 

A small quantity of {icptonc solution, inoculated with the 
tissue-juice from the suspected organ, is mixed with an equal 
quantity of plague-serum of such a strength that the dilution 
reduces it to 1:200 (approximately). A Fecund dilution of 
1:400 and a third of 1 : 800 are also prepared. 

1 Centralbl.f. Halt., xli (Originate), 1UU6, p. BWO. 
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As & control, an equal quantity of the inoculated peptone 
water is mixed with normal serum (rabbit or horse serum), 
the dilution being 1:100. 

In a few minutes a distinct difference is observable. The 
''control” shows with the oil-immersion lens a few isolated 
noil-motile bacteria, while the plague-serum dilution 1:200 
shows larger and smaller masses of agglutinated bacteria. 

After two hours’ incubation the same result is obtained 
with the plague-serum dilution of 1: 400. No agglutination, 
however, is observed after incubation for twenty-four hours 
of the dilution of 1:800. This agglutination reaction, 
in conjunction with other suspicious phenomena, justifies an 
official notification of suspected plague. 

In the examination of rats suspected to be suffering from 
plague infection, it is essential not only to take the naked-eye 
characters into account, but to make microscopical prepara¬ 
tions and cultures, and to test the cultures by animal 
inoculations. Care must be taken not to mistake hnsmorrhayic 
septicwmic bacilli (see pp. 413, 427), ami other organisms for 
the plague bacillus. The B. coli, B. protons, and other organisms 
are recorded by Klein (toe. cit.) as simulating the B. pestis. 

Chicken Cholera. 

Chicken cholera is a disease of poultry characterised by 
profuse diarrhoea; its course may lie very rapid, and the bird 
found dead without having shown signs of illness. The 
organism is a very short rod, non-motile, so short that it is 
almost ovoid, 0 6 to 0 - 8 p in length, and 0'4 to 0'5 p in diameter. 
It stains by the ordinary anilin dyes, but not by Gram’s 
method, and the staining tends to be polar, so that Pasteur, 
who first investigated the disease, described it as a diplococcus 
(Plate XV., b). . The organism grows freely on the various 
culture media from 20° to 38° C., on agar forming a thick, 
moist, cream-coloured layer, on gelatin a shining, white, 
expansive growth without liquefaction. In broth a general 
turbidity forms, but growth on potato is indifferent. It 
produces acid; does not ferment glucose or lactose, is aerobic 
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and facultatively anaerobic, does not form spores, and is 
killed by a temperature of 60° C. in fifteen minutes. • If 
dried it dies in a few days, but retains its vitality for 
a considerable time in damp earth or in water, and so 
infection is readily conveyed. Fowls die after sultcutaneous, 
iutra-iuuscular or iutra-venous inoculation and by feeding, the 
organisms being found abundantly in the blood. Post 
mortem, the serous membranes may l>e inflamed and hemor- 
rhagic, the liver large and soft, and the intestine shows 
hseuiorrhagic spots, and is sometimes ulcerated and contains a 
mucoid fluid stained with blood. Other birds, pigeons, 
pheasants, sparrows, wild and domestic ducks are also 
susceptible to the disease, and rabbits and guinea-pigs can lie 
successfully inoculated; in the latter animal a local abscess 
sometimes forms instead of a general infection. By con¬ 
tinuous cultivation with free access of oxygen the virus 
becomes attenuated, and Pasteur was able thus to prepare a 
vaccine which protected fowls. 

The bacillus of chicken cholera lsdongs to the group of 
luemorrhaijic neptir/cmic bacilli (p. 413), and seems to lie 
identical with Koch's bacillus of rabbit sept iciemia, and with 
the bacillus of swine plaijne (see p. 31)4). These organisms 
tend to form a stalactite growth in butter broth. 

Organisms have lieen described by Klein in fowl enteritis, 
grouse disease, etc., differing somewhat from the bacillus of 
chicken cholera 


Mouse Septicaemia. 

This disease may lie conveniently descrilied here. Kocli 
first obtained a minute liaeillus by injecting putrefying 
material subcutaneously into mice. It- seems to lie identical 
with the bacillus found in swine ervsijielas. The organisms 
are met with in large numbers in the blood and tissues of 
mice. They measure only 1 p in length, aud occur iu consider¬ 
able numbers in the leucocytes. The liaeillus stains well by 
Gram’s method, and is stated by some writers to lie motile 
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It grows readily, forming on agar extremely delicate, almost 
invisible colonies ; in stab gelatin cultures after some time a 
delicate cloudiness radiates from the central puncture. Prom 
an agar culture the bacilli are somewhat larger than those 
found in the animal body, and form filaments. It is 
pathogenic for swine, rabbits, and mice. 
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CHAPTEH XII. 

PNEUMONIA, INFLUENZA, AND WIIOOlINd-UOUdll. 

Pneumonia. 

Pneumonia is of two typeB, lobular, catarrhal, or broncho¬ 
pneumonia, nml lobar or croupous pnoumonia. The former 
may lie primary, or may be secondary and arise in connection 
with many of the sjtecific fevers, as in measles, whooping- 
cough, diphtheria, enteric fever, iuftuonza, plague, etc. The 
broncho-pneumonia occurring in the course of other discuses 
may be due to the causative organism of the disease, or 
may l>e due to other organisms. Eyre 1 examined 62 
cases of broncho-pneumonia occurring in the course of other 
diseases aud 102 cases in which the broncho-pneumonia was 
the primary lesion. Of these 164 cases, 52*4 per cent, yielded 
pure cultivations of some one or other of six bacteria— 
pneumococcus, Strep, tongue, M. pyngenee var. aureue, M. 
catarrkalis, B. pneumonia’, and B. influenza’ ; whilst 47'5 per 
cent, gave a mixed growth of one or more of these six in 
association with one or more of five other bacteria— M. 
Utragenne, B. pertneeie, B. pyncyauene, Jt. typhoeue, B. diph¬ 
theria.’. The B. coli also occurs in broncho-pneumonia. 
Acute croupous or lolmr pneumonia in many of its characters 
resembles an acute specific infection, and while frequently a 
primary disease, may also occur secondarily in almost any 
condition. 

Friedliinder in 1882-83 first described organisms in cases 
of pneumonia. 

1 Jours Path, and Bari., vol. liv, 1910, p. 100. 
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In 1883-85 Talamon, Klein and Sternberg each described 
in pneumonic sputum an oral encapsuled organism, which 
induced pneumonia in animals; it was termed by the former 
the • Micrococcus lanceolatus, and by Sternberg the Micrococcus 
Basteuri. This and Friedliinder’s organisms were at first 
believed to be identical, but Frankel and Weichselbaum 
subsequently showed that they are quite distinct, and that the 
* former is the setiological agent of acute croupous pneumonia. 

The majority (95 per cent.) of cases of acute croupous 
pneumonia are caused by the Diplococeus pneumonias, and 
Friedlnnder’s organism, now termed Friedliinder's pneumo- 
bacillus, or B. pneumonias, is of etiological significance in only a 
small minority, if at all. The latter is, however, associated with 
certain pathological processes which will be referred to below. 

From pleuro-pneumonia of cattle, Nocard and Roux suc¬ 
ceeded in cultivating in broth in collodion Bacs in the peri¬ 
toneal cavity of rabbits an organism just visible as minute 
granules with a magnification of 2000 diameters. Bordet 1 
states that it may be grown on the medium employed by him 
for the cultivation of the B. pertussis (p. 441), and then 
appears as fine, straight, curved, undulating or even spirillar 
filaments not unlike spirochaetes. 

The Diplococeus (Streptococcus) pneumonic. 3 

Synonyms, Frnnkel’s pneumococcus. Micrococcus Pasteuri * 
(Sternberg), Micrococcus lanceolatus (Talamon), Micrococcus 
pyogenes tenuis (Rosenbach). 

Morphology .—The Diplococeus pneumonias in the 
Rputum and tissues occurs as an oval or lance-shaped 
coccus united in pairs, occasionally in chains of three 
or four elements, and then often almost spherical, and 
is generally surrounded by a well-marked capsule 
(Plate XVI., a). In order to isolate the organism 
several tubes of glycerin agar, serum or serum-agar 
may be inoculated with rusty sfmtum and incubated for 

> Ann. ds I’Inst. Pasteur, xxiv, 1910, March. 

* On the pathology of pneiunocoocua infection see Brit. Jf id. Joum., 
1901, voL H, p. 700 1 Eyre, lancet, 1908, vol. i, February Hnd. 
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forty-eight hours 5 in some a puro culture may be 
obtained. A more certain method is to inject a drop 
or two of the rusty sputum into the peritoneal ca\*ity of 
a mouse or young rabbit. The animal will die in from 
twenty-four to thirty-six hours, and the organism will 
be found in considerable numbers in the lung and 
blood, from which cultures may' be obtained. It iR 
non-motile, stains with the ordinary anilin dyes and by 
Gram’s method. 

Cultural characters .—The D. pneumonia' is aerobic 
and almost facultatively anaerobic. On glycerin agar 
at 37° C. it forms minute, transparent, almost invisible 
colonies.like droplets of fluid ; on serum the growth has 
much the same characters, but is somewhat more 
abundant. It hardly grows on gelatin at the ordinary 
temperature, but in a 20 per cent, gelatin at 2 o° 0 . 
minute white colonies develop without liquefaction. In 
broth it produces a slight cloudiness; it does not grow 
on potato but develops in milk, which is usually coagu¬ 
lated ; neutral litmus glucose-agar becomes red during 
growth, indicating the production of acid. The 
fermentation reactions are given in the table on p. 24H. 
Hiss's medium (p. 306) with inulin is fermented and 
coagulated; most other streptococci fail to ferment 
inulin. On the ordinary culture media it retains its 
vitality for a short time only, not more than nbout a 
week ; but if a little blood bo smeared over the surface 
of the agar the vitality may bo prolonged for a month 
or even longer. Washbourn recommended an agar 
rendered alkaline to the extent of 4 c.c. of normal 
caustic soda per litre, after neutralisation, rosolic acid 
being the indicator. This medium is smeared with 
blood, placed in the incubator for twenty-four hours to 
ascertain whether it be sterile, then inoculated, capped, 
and kept at 37° C. Foa’^s method* for keeping Friinkel’s 
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pneumococcus alive and virulent is to receive the 
infected blood of an inoculated animal into a small 
glass tube •> mm. in diameter and 20 cm. long, so that 
the blood completely fills the tube, which is then sealed 
and kept away from the light at the ordinary tempera¬ 
ture. If inoculated on to ordinary gelatin, which is 
then kept in the blood heat (37° C.) incubator, the 
organism retains its vitality for a month or six weeks. 

Under cultivation the D. pneumoniae usually assumes 
the form of a short streptococcus (Plato XVI., b) 
(included by Gordon in his 8. brevis class) and the 
capsule is lost, but is regained again on passage 
through a susceptible animal, or by growing in fluid 
serum. A good deal of variation occurs in the morpho¬ 
logy of the organism obtained from different, sources 
and under cultivation. The thermal doatli-point of the 
D. pneumonia- according to Sternberg is 52° C., the 
time of exposure being ten minutes, and it is readily 
destroyed by the ordinary germicides, by light, und by 
desiccation; but in dried sputum it may retain its 
vitality and virulence unimpaired for weeks. 

Pathogenic action. —The J). pneumoniae is pathogenic 
for a number of animals, the most susceptible being 
mice, then in decreasing order, rabbits, rats, guinea- 
pigs, and dogs. Pigeons and fowls are immune. 
Death follows after subcutaneous, intra-venous, intra- 
peritoneal,or intra-tlioracic injection of avirulent culture, 
or.of rusty pneumonic sputum, into mice and rabbits in 
twenty-four to forty-eight hours. The virulence of the 
organism varies considerably ; under cultivation it may 
be completely lost, while by a series of passages through 
a susceptible animal it may be much increased. The 
less virulent it is the longer it tends to retain its 
vitality tinder cultivation. Rxcept when injected into 
the lung or into the trachea, pneumonia does not result, 



PLATE XVI 



tf. Biploeocens pneumonia' Cover-glass jm*i»nm! ion «»f blood of 
inoculated animal, x 1000 



h, Bipfafon u$ pnmnwniuf, Cover-gla*-* pw»^r»tw» **$ ** JWIR? 
culture, x 1AO >. 


T»/‘tcf 132. 
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hut tlie disease runs the course of a septicemia with 
high temperature and dyspnoea, death being generally 
preceded by a subnormal temperature and often con¬ 
vulsions. The post-mortem appearances are much 
(Bdema and inflammatory infiltration at the seat of 
inoculation, lueinorrhages in the serous membranes, 
enlargement and congestion of the spleen, and congestion 
of the lungs. The organisms occur in large numbers 
in the blood, lungs, and spleen, usually in the form of 
oval diplococci with well-marked capsulcs(lMuteXVl.,a), 
but sometimes as short chains of streptococci. When 
injected into the lung or trachea a typical libriuous or 
croupous pneumonia results. 

Tho D. -pneumonia! is the cause of acute croupous 
pneumonia in man, and occurs in large numbers in the 
rusty sputum and hepatised lung, and in 20 per cent, 
of the cases can be isolated from the blood if /i—10 c.c. 
be cultured. The production of a typical pneumonic 
process experimentally and the presence of the diplo- 
coccus in a large proportion of cases of acute croupous 
pneumonia point to its specific relationship to the 
disease. With regard to the latter observation, 
Weichselbaum obtained it in 04 cases out of 120 
examined. Wolf in 66 out of 70 cases, and Netter in 
75 per cent, of the coses examined. In America the 
disease has of late been much on the increase, in 
Chicago the mortality having reached as high as 20 
per 10,000 inhabitants. Acute croupous pneumonia 
sometimes occurs in epidemic form. 

The organism is frequently present in the saliva of 
healthy individuals, as shown by Netter, Sternberg, 
and others, and the generally accepted idea of the 
relationship of “ catching cold ” to an attack of the 
disease is explicable on the theory that the action of 
cold lowers vitality, and renders the tissues vulner- 

28 
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able to the attacks of the organism already in close 
proximity to them. 

Besides acute croupous pneumonia, more than half 
tho cases of broncho-pneumonia, both primary, and 
secondary in tho course of other diseases, are due to 
the D. pneumonias, which is also associated with a 
number of other important pathological conditions in 
man. It is a pyogenic organism, producing abscesses 
when inoculated iuto a relatively insusceptible animal 
such as a dog, and has been met with in abscesses, 
empyema, suppuration in the antrum, and purulent 
arthritis. It is also found in about half the cases of 
purulent meningitis, sometimes in cerobro-spinal menin¬ 
gitis, in ubout a third of the cases of otitis media and 
infective endocarditis, sometimes in purulont pericar¬ 
ditis, and occasionally in peritonitis. 

Toxin*. —Auld separated a proteose and an organic 
acid from the blood and organs of infected animals, 
and from cultivations of the Diplococcus pnvunwnim in 
alkali-albumin the same products were apparently 
obtained, the alkaline medium soon becoming per¬ 
manently acid. The proteose on subcutaneous or intra¬ 
venous injection produced some fever ; on intra-thoracic 
injection fever and dyspnoea, and post-mortem pleurisy 
and consolidation of the lung were found. The organic 
acid produced slight rise of temperature, but no other 
symptom. Macfadyen 1 obtained an endotoxin by 
triturating cultures with liquid air. 

Antiserum.' —Immunity can be conferred on suscep¬ 
tible animals by treating them with attenuated cultures, 
and also by inoculation with increasing doses of filtered 
broth cultures of the virulent organism. G. and F. 
Klemperer used recent broth cultures heated to 60° C. 
for one or two hours. Washbourn used filtered 
1 Brit. Med. Jo urn., 1906, vol. ii, p. 776 (Beta). 
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cultures in defibrinated blood, 20 e.e. of which injected 
subcutaneously into a rabbit conferred immunity jigainst 
virulent cultures, an iminunity persisting for fifty or 
sixty days. 'The blood-scrum of such immunised 
animals will protect other animals when iujeoted, and 
Klemperer, Issnof, and Washbourn have prepared a 
pneumonic anti-serum. The hitter, by first immunising 
a horse with filtered cultures, increased the immunity 
by injection with gradually increasing doses of living 
virulent cultures, until a very high degree of immunity 
is obtained. This anti-serum has been used in the 
treatment of pneumonia and other pneiimococcic infec¬ 
tions, but the results have not been very encouraging. 
The protective serum seems to produce aggregation of 
the cocci when added to a culture of the diplococeiis. 
Klemperer and Washbourn found that the suriim of 
convalescent patients possesses some degree of protec¬ 
tive power. The serum, however, taken during the 
pyrexial stage of the disease rather increases the sus¬ 
ceptibility of animals to pneiimococcic infection. 

Vmc ritie .—A vaccine prepared from cultures killed 
by heat and standardised has been found of service in 
chronic pneumococcic infections, and has also been 
employed in acute croupous pneumonia. 1 

Friedlander's Pneumo-bacillus. 

This organism, already referred to above in tho 
general discussion of pneumonia, and origiuully believed 
by Friedlander to be the cause of the disease, has been 
obtained by recent observers in only a small proportion 
of cases of pneumonia. 

Morphology .—The B. pufumouitv is a very pleo¬ 
morphic organism, occurring in sputum or in the blood 

1 Willcox and Morgan, Brit. Med. Jaunt., 1909, vol. ii, p. 1030. 
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of HU inoculated animal generally as a abort rod with 
rounde^ ends (surrounded by a marked capsule. It is 
noil-motile, does not form spores, and is readily stained 
with the ordinary anilin dyes, but not by Oram’s 
method—an important distinction from the Diplococcu* 
jmtnimtDiiic. In cultivations it forms short rods, long 
rods, chains, and even filaments, the capsule being 
absent, but this is regained on passage 
through a susceptible animal. 

Cultural charactern. —The 11. jmeu- 
■tnoniin is aerobic and facultatively 
anaerobic, and may produce indole. 
It grows readily on the various culture 
mcdiu from 20° to 37° C., on agar and 
blood-serum forming a copious, viscid, 
greyish growth ; on gelatin, a thick, 
white, shining, porcelain-like growth 
without liqucfuetion ; and in stab- 
cultures in gelatin a so-called nail¬ 
shaped growth is developed (l*’ig. 4(3), 
consisting of a white growth along* the 
needle-track, tapering from above 
downwards, ami at the surface heaped 
up and expanded, forming the “ head ” 
of the nail. On potato a copious 
oUl tUlt> ’ 80V " U,l,lyM whitish growth develops, while milk 
is curdled and gas-bubbles frequently 
form in stab-gelatin cultures. It is an active fer¬ 
menter of carbohydrates, ami the fermentation reactions 
are given in the table, p. 400. 

Patlwijruic action. —The pneumo-bacillus of Fried- 
lander is pathogenic to mice and guinea-pigs, but 
rabbits are immune. Post-mortem, the spleen is en¬ 
larged, the lungs are congested and consolidated in 
patches, and the organism is found in large numbers 



Fw. 40.— Fiii'illiln- 
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in the blood. In a small percentage of cases of 
croupous pneumonia Friodliinder’s bacillus may be 
associated with the D. puennumiir. Kriedfiiuder’s 
bacillus may sometimes set up a broncho-pneumonic 
or bronchitic process, and is occasionally associated 
with anginal conditions, which are characterised 
by the formation of a false membrane, with an 
absence of any general symptoms. A microscopical 
examination of the membrane will show the orga¬ 
nisms surrounded with a capsule and unstainablo 
by Gram’s method. If a culture be made on serum, 
the - large, round, greyish colonies of the bacillus 
will bo recognisable in fifteen to twenty hours, and 
should be examined microscopically. To obtain a pure 
culture a white mouse should be inoculated from a 
colony; it will die in twenty-eight to sixty hours. 
Friedliinder’s pneumo-bacillus has also been met. with 
in water by Grimbert. According to him, it is identical 
with the li. cnjtsulntuK of Mori. 


Clinical Examination (Pneumonia). 

1. Make cover-glass sjiecinions from the rusty sputum, ninl 
stain some with Ijiiffler's blue, and others by Oram s method 
witli eosin. By a microscopical examination tin* oval diplo- 
cocei will lie readily recognised, the It. /un it and li. /m‘*Iw 
being distinguished from the Dijilocnrt im /mm bv Iteing 
decolorised l»y Grain's method. The latter organism is the 
onlv one, moreover, which is likely to l«> ordinarily met with. 

2. If tlie diplococci are found to 1 m- fairly abundant in the 
sputum, and other organ isms nearly absent, mi attempt may 
lie made to cultivate by inoculating several glycerin-agar ami 
serum tidies and iueulmting at • ST' C. for forty-eight hours. 

3. If the diplococci an* scanty, or so mixed with other 
organisms that, it is difficult to identify them, and probably 
impossible to obtain a pun* eulfun*, a drop or two of the 
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sputum should be injected into the peritoneal cavity of a 
mouse or rabbit.. The animal will die in from twenty-four to 
thirty-rfh hours, aud the Diplocuccvs pneumonite will be found 
plentifully in smears prepared from the blood or lung-juice, 
and pure cultures can lie readily obtained by inoculating 
glycerin-agar tubes with the blood or lung-juice. 

4. The culture or inoculation method, preferably both, will 
probably have to lie adopted for the recognition and isolation 
of the Diplococcu» pnevmnnur in pus from empyeinata, 
abscesses, etc. 

6. Fried lander's pneumo-liacillus can lie seadily isolated by 
making gelatin-plate cultivations, in which its colonies form 
white, shining, heaped-up points. 

Influenza. 

A minute bacillus was first .described in this disease 
by Pfeiffer in 1892, who found it in largo numbers in 
the bronchial secretion. In order to isolate the 
organism a patient witli bronchial expectoration should 
be chosen ; he rinses his mouth and gargles his throat 
with hot water several times, and then, after coughing, 
the expectoration is obtained. A little of this expec¬ 
toration is washed by shaking in a test-tube with 
Bterile salt solution, then repeating the washing with 
sterile salt solution in a second and finally in a third 
test-tube. By means of a platinum needle a number of 
glycerin-agnr and blood-agar tubes are inoculated with 
the sputum after the last washing, and incubated at 
37 b C. 

Morphology .—The influenza bacillus is one of the 
smallest bacilli with which wo are acquainted. It is a 
minute rod 0*5—1*5 g in length, and is non-motile and 
non-sporing. It does not stain by Gram's method, and 
not very readily with the ordinary dyes, dilute carbol- 
fuohsin or prolonged staining with Loffler’s blue 
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yielding the best results, the poles tending to stain 
more deeply than the centre. In the sputum it oocurs 
singly, fa short chains, in small groups, or in larger 
masses, being most numerous early in the acute stage 
of the disease. 

Cultural characters .—The bacillus is strictly aerobic, 
and no growth oocurs on media at 22° C. On glycerin 
agar and blood-serum at 37° C. it forms very small, 
transparent, drop-like colonies in from twenty-four to 
forty-eight hours, which, according to Kitasato, never 
become confluent. There is no growth on potato. 
The organism grows best on media containing blood, 
such as agar smeared with sterile human, rabbit's, or 
pigeon’s blood. In broth it grows at the surface in 
fine white flakes which subsequently sink. 

It soon dies out in cultivation, but according to 
Klein can be kept alive for some weeks in gelatin 
incubated at 37° C. The liquefied gelatin remains 
clear, the growth forming a delicate flocciilent 
precipitate at the bottom. Preparations from cultures 
show long twisted chains and threads of bacilli, 
aggregated so as to form dense networks and convolu¬ 
tions. These chains or threads are composed of bacilli 
placed end to end, and united by a continuation of 
the cell-membrane. Involution forms occur. It is 
stated to grow better in association with the M. pyo¬ 
genes, var. aureu*, than alone. The organism does not 
seem to be able to live outside the body for any length 
of time, and is readily' destroyed by desiccation, weak 
antiseptics, and by a temperature of 60° C. acting for 
five minutes. 

Pathogenic action.— Canon stated that he obtained 
this bacillus from the blood in a number of cases, but 
many other investigators have failed to find it. Klein 
also obtained it in six cases out of forty-three examined. 
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According to Pfeiffer the bacillus is pathogenic only 
to monkeys and rabbits. Klein, however, was unable 
to obthin any definite effects in these animals by the 
injection either of sputum rich in bacilli or of pure 
cultures. 

The influenza bacillus is met with in all uncomplicated 
cases of influenza in the nasal and bronchial secretions, 
often almost in pure culture, and in the bronchial tubes 
and lung in the pneumonic complications accompanying 
the disease. The organisms disappear with conva¬ 
lescence, and are not met with in other diseases. 
Klein 1 appeal's to consider that the pneumonia often 
complicating the disease is probably directly due to the 
bacillus. The typical influenza pneumonia is of the 
lobular type with a cellular rather than a fibrinous 
exudate. True lobar pneumonia, duo to the Di/tlocorrim 
pneumonia ?, may, however,often complicate the influenzal 
attack. The organism also occurs in bronchitis, 
broncho-pneumonia, and whooping-cough. 

Although the typical influenza may lie due to the B. 
influenza-, many febrile conditions attended with pulmonary 
catarrh and frequently termed “ influenza ” are not due to this 
organism. Iu au epidemic simulating influenza occurring iu 
Essex in 1905, the examination was negative as regards 
streptococci, B. diphtheria-, and B. influenza-, but the M. 
catarrhali8 was present in numbers iu most cases (tweutv-two 
out of twenty-four). This organism was originally isolated 
by.Seifert in n small epidemic of infectious bronchitis, 
afterwards by Pfeiffer in cases of broncho-pneumonia 
in young children (see p. 200). Two other Gram-negative 
cocci were also isolated from three other cases (see table, 
p. 261). 

1 “ Farther Report on Epidemic Influenza," 1880-92, Loc. One. Board 
Report, 1802, p. 8S. 
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Clinical Examination. 

In canes of influenza, accompanied with broiu-Ifitis or 
pneumonia, the influenza bacillus may l>e met with in large 
numbers in the sputum, ami their presence may aid in 
confirming the diagnosis. Cover-glass preparations may l»e 
stained with earbol-metliylene blue. 


Whooping-cough (Pertussis).' 

An influenza-like bacillus has been isolated by Knplik, 
Czaplewski and Hensel, Davis and others in this disease, but 
the researches of Bordet and Gcngou have shown that it. 
is distinct from the iufiuenzu bacillus. 

The Ji. pertu*ni* is a minute bacillus, very like tin* U. 
influmztv, non-motile, non-spuring. and dram-negative. If is 
scanty in the bulk of the expectoration, but is abundant in 
the viscid exudate, rich in leucocytes, coming from the depth 
of the bronchi, and voided at. the end ot a paroxysm of 
coughing. 

It is best isolated on a medium consisting of dcfibrinuted 
blood (human or rabbit), thoroughly mixed with an equal 
volume of 8 per cent, agar containing a little extract of 
potato made with 4 jier cent aqueous glycerin. It forms 
on this a fairly thick whitish streak, the subjacent blood lieing 
liaunolvsed. It mav also Ik* grown in serum or blood broth 
in shallow layers. After acclimatisation t<> artificial media 
it. will develop on the ordinary laboratory media. 

The li. perf/iiMtH is agglutinated feebly by tin* blood of 
patients, but complement-fixation is marked. 

Monkeys are stated to develop a typical whooping-cough on 
inoculation, but the ordinary laboratory animals an* 
susceptible only to massive intra-js*ritoneal or intni-voiioiis 
inoculation, death ensuing from a septieieniie process. 

Attempts have tieen inode to treat the disease with a 
vaccine. 


* Bordet, Bril. Med. Journ . ItXIU, vnl. ii, p. I0«2. 
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CH APT Kit XIII. 

Anaerobic Oboanismb. 

TETANUS—MALIGNANT (EDEMA—BLACK QITABTER—BACILLUS 
WELCH!I (AEROGUNKB CAP8ULAT0S, ENTKRITID1S 8POKO- 

OENEs)-BACILLUS CADAVBBIS SPOBOOKNES - CLOB- 

TR1DIUM BIJTYKICUM. 


Tetanus. 

The causation of tetanus was for a long time involved in 
mystery. No obvious or characteristic changes being met 
with after death, the disease was regarded by many as 
“ functional.” Others believed that a primary lesion of the 
central nervous system might be the cause of the affection, 
while a few classed it with the specific diseases. 

It had long been noticed that wounds soiled with earth 
were specially prone to lie followed by tetanus, and Sternberg 
in 1880, and Nicolaier in 1884, produced tetanus in rabbits 
by introducing a little garden earth beneath the skin. The 
latter observer found at the seat of inoculation and in his 
impure cultures—for he was unable to obtain pure ones—a 
distinctive bacillus, and he was able with these cultures, and 
with the pus from the seat of inoculation, to induce tetanus 
in other animals. Carle and. Battone subsequently showed 
that the bacillus of Nicolaier was present in the tissues of, 
and secretions from, the wound, in cases of traumatic tetanus 
in man, and that inoculation with the pus from such a wound 
produced tetanus in the lower animals—observations which 
were confirmed by Roseuluch in 1885. The bacillus was 
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isolated in pure culture by Kitasato in 1889 by taking the 
impure cultures obtained from the wouud in a case of trau¬ 
matic tetanus, heating to 80° C., and plating the heated 
cultures, the'plates being incubated anaerobically in hydro¬ 
gen. 


The Bacillus tetani. 

Morphology. —The Bacillw* tptani is a straight, 
s lender rod with r ounded end s, but under cultivation 
the rods may g row int o-longish filaments. It is souu>* 
what motile and possesses a large number o{, flagella, 
three or four of which are generally thicker than the 
rest. 1 Spores are freely for med : they are spherical 
and develop at on e extremity of the rod, and their 
diameter being much greater than that of the rod, the 
spore-bearing organism has been likened to a “ pin ” or 
“ dwun-stick ” (Plate XVII., a). It staina.. witk-tho 

ordinary_a nilia - -dyes, and also by (JxiujuJJ.inetimd. 

“ Drum-stick ” bacilli are not necessarily tetanus ; other 
anaerobic bacilli, e. g. Jt- pntrijicuH {culi )■ may also have 
large terminal spores. 

Cultural character k. — The li. tetani is a Rtrictly 
a pftfirnhj p p^grr^rr, and will not grow in the presence 
of a trace of free oxygen, nor in an atmosphere ot 
carbon dioxide. It qaa J ifl cul t ivated in deep .stabs in 
glucose aga r and gelati n, or in Jjrotli by _ Buchner's 
.meth od, or in an atmosphe re of. hydrogen (p. 73). In 
a gelatin stab-culture at 2i£-tX the growth radiates 
from the central puncture, and the gelatiuuU! Jllfwly 
liquefied. In a glucose agar stab-culture it forms 
feath ery, r adiating outgrowths from the central 
puncture, a small amount of gas being formed (Fig. 47). 
Broth becomes tae bi d with the formation of sorjifi gas 

1 Kanthwk and Connell, Jour*. Path. anA ttnrl., vol. i», 1807, 
p. 462. 
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development of .a foul.odour; there is no 

ation. The colonies have a central opaque 


and the 

film formation. The colonies nave a central opaque 
portion surrounded by diverging rays. It g«UKa_iW 
i without liqimftu*l.ioii and iu milk without enrd- 
Uug. Tlio tetanus bacillus remains alive for some time, 
possibly indefinitely, in cultures, and the spores retain 
their vitality for years in the dried state, withstand a 
temperature of 80° C. for an hour, 
but are killed by boiling for five 
minutes. Carbolic acid (1 : 20) does 
not destroy the spores under about 
fifteen hours. 

Occurrence and pathogenic action .— 

Man and the horse are most subject 

to tetanus ; cattle and sheep are rarely 

affected, while the fowl, frog, triton, 

snakes and tortoise are immune. Mice, 

guinea-pigs and rabbits are all very 

susceptible. The bacillus is present 

iu tJio superficial layers of the soils 

in many localities, but not in all, and 

tliis accounts for the fact that tetanus 

is rare in some places and frequent in 

others. Curiously enough, some of the 

savage inhabitants of the Solomon 
Fin. 47. — TotnniiH , , , , i ■, 

lwK-illuH. Stub-mi- islands have made use oF poifioned 

tum in Klmiwe arrows, the poisonous nature of which 

of,} is due to tetanus -bearing earth. The 

arrows are tipped with a viscid fluid, 

then rubbed in the soil from a mango swamp, and 

afterwnrds dried. Individuals wounded with these 

arrows often develop tetanus. 

Tetanus spores are frequently present in the 
dejecta of cattle, horses, and other animals, nnd 
occasionally of man (p. 445). 
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The bacillus is confined to the seal of inoculation, 
or at most is met with in the nearest lympfmtic glands, 
so that the general symptoms are due to the absorp¬ 
tion of toxin. The researches of Hansom and 
Meyer have shown that the tetanus toxin is mainly 
absorbed by the nerve-trunks (see also p. 1(5(5). 
The organisms associated with the tetanus bacillus 
in earth are probably of considerable importance in 
the production of the disease, for it. lias been shown 
that if the tetanus bacilli and their spores be carefully 
washed so as to remove all adherent toxins, they fail to 
set up tetanus on inoculation, while if tin* same washed 
bacilli be injected, together with a little lactic acid, 
tetanus follows, the explanation being t.liat the bacilli 
are unable to multiply unless the surrounding tissues 
are damaged and phagocytosis is prevented. The 
associated organisms in the wound probably effect this, 
and do not act by producing a. condition of nuucrobiosis 
as has been suggested. Semple 1 has recently found 
that tetanus spores are occasionally present in the 
human intestinal tract- (Hamilton suggested that teta¬ 
noid organisms in the intestinal tract might bp the 
cause of the so-called idiopathic or rheumatic tetanus). 
Ho injected guinea-pigs with washed spores, and 
tetanus did not ensue, but the tissue at the site- of 
inoculation, examined live to sewn months later, still 
contained the living spores. Semple suggests that 
such latent spores may in some instances be disturbed 
and become active by the hypodermic or intra-niuscular 
injection of quinine, owing to the tissue necrosis and 
inhibition of phagocytosis produced by the drug. 

Tuvins .—Cultivated anaerobically in broth, the 
tetanus bacillus forms a most potent extra-cellular 
toxin, so that if the culture bo filtered through a 

1 Sc. Mem. Gov. of India, So. 441, 1011. 
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porcelain filter, O'OOl c.c., O'OOOl c.e., or even 
O'OOOOl c.c. flf the filtrate is a fatal dose for a guinea- 
P»ff- 

Tetanus toxin broth contains a tetanising substance, 
termed tetano-spasinin, and also a liannolysin, tetano- 
lysin. The toxin has a special affinity for nerve-tissue 
(see p. 166). Injected into animals such as the 
mouse, guinea-pig and rabbit, the toxin broth produces 
tonic, not clonic, spasm, and with small doses the 
muscles at or near the seat of inoculation tend first 
to be affected, so that the spine may be curved, the leg 
paralysed, etc. (Fig. 48). 

By treatment with carbon disulpliido, tetanus toxin 
broth becomes practically non-toxic, though it still 
retains its power of immunising on inoculation and of 
combining with antitoxin—that, is to say, bodies are 
formed analogous to the toxoids of diphtheria toxiu. 

Brieger, from impure cultures of the tetanus bacillus, 
obtained two basic bodies which ho termed “ tetuniue ” 
and “ totano-toxin,” the former producing tetanic 
symptoms in mice, and the latter tremor, paralysis, 
and finally convulsions. Brieger also isolated teta- 
nino from the amputated limb of a tetanic patient. 
Brieger and Frankel obtained a tox-albumjn from 
bouillon cultures which induced tetanus ip guinea- 
pigs. Brieger and Cohn subsequently investigated the 
tetanus poison obtained by precipitating veal-broth 
cultures with ammonium sulphate added to saturation, 
and purifying by re-dissolving, precipitating the protein 
with basic lead acetute, and removing other soluble 
impurities by dialysis. The purified product forms 
yellow flakes, soluble in water, but not giving the 
Millon and xanthoproteic reactions. It is not pre¬ 
cipitated by most metallic salts, and is not carried 
down by Roux and Tersin’s method of precipitation 
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with calcium phosphate. It contains no phosphorus 
and only traces of sulphur. Of the hiost active 
preparation 0*00000005 grin, killed a mouse. * 

. In a case of tetanus examined l>y Sidney Martin, 
an albuinose, cliioHy deutero-albumoso, was extracted 
from the blood. Injected into an animal, it produced 
depression of temperature, followed by progressive 
wasting, but no spasm or paralysis. 

Antitoxin .—If an animal is cautiously injected with 



tetanus toxin, commencing the treatment with a 
weakened toxin, and increasing the dose very gradually, 
a high degree of immunity is ultimately obtained, and 
the blood-serum acquires marked antitoxic properties, 
fl'he toxin is obtained by growing the tetanus bacillus 
fin bouillon in an atmosphere of hydrogen for about 
three weeks, and filtering through porous porcelain. 
To obtain an active serum treatment has to be pro¬ 
longed, a horse immunised by the writer requiring six 
months, ^he antitoxic serum so obtained is by far 
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thu most active of any of the sora, and is now recog¬ 
nised as the proper remedy to use in cases of tetanus 
in imin. The antitoxic treatment of tetanus is not 
nearly so successful as that of diphtheria, and for 
this reason : in diphtheria, in a largo proportion of the 
cases, a local manifestation is present to aid diagnosis 
before any serious absorption of the toxin has taken 
place, whereas in tetanus the disease is only recognis¬ 
able by the symptoms induced by such absorption. 
Nevertheless, it can hardly bo doubted that it is our 
duty to employ the antitoxin not only in the fully 
developed disease, but also in certain cases as a 
prophylactic. As the toxin is at onco fixed by the 
nerve-tissue, the antitoxin should be injected into the 
central nervous system in order to obtain immediate 
action. 

The antitoxin may be standardised by the Koux or 
by the Behring method (see p. 293). Recently a 
method analogous to that used for standardising 
diphtheria uutitoxiu has been introduced. 1 

Clinical Examination. 

The symptoms of tetanus an* usually so obvious that a 
bacteriological examination is not needed to establish the 
diagnosis, ami unless there is an evident, wound it will be 
difficult, if not. impossible, to detect, the tetanus bacillus. 

(1) Prepare seveiul smears of the pus or discharge, and stain 
by drum's method. Examine microscopically, looking for 
the spore-boariug rods or "drum-sticks.” A " drum-stick ” 
bacillus is, however, not necessarily the tetanus bacillus 
(see p. 443). 

(2) If “ drum-sticks ” be found, an attempt may be made to 
isolate the bacillus by making anaerobic plate cultivations 

1 On the standardisation and therapeutic use of tetanus antitoxin, 
see Hewlett’s Serum Therapy, 1010. 



449 


Malignant CEdema 

from the discharge, after heating it in capillar}' pipettes to 
80° C. for half an hour. 

(3) Inoculate mice and guinea-pigs with the heated dis¬ 
charge. If they die with tetanic symptoms, treat the pus at 
the seat of inoculation as in (2). 

Malignant CEdema. 

Malignant oedema is met with in man in connect ion 
with wounds soiled with septic matter, compound frac¬ 
tures, contused and lacerated wounds, etc. l T suully 
there is a putrefactive and (edematous condition of the 
tissues with subcutaneous emphysema.. Animals also 
occasionally suffer from the disense, which can he pro¬ 
duced artificially by inoculution with dust, dust from 
straw, the upper layers of garden earth, and decompos¬ 
ing animal and vegetable matter. 

If a guinea-pig be inoculated subcutaneously with a 
little garden earth, it will very likely die in forty-eight 
hours. Post mortem, the subcutaneous tissues around 
the seat of inoculation will be found to be (edematous 
and blood-stained, with more or less development of 
gas. The internal organs are only slightly altered, hut 
the spleen may be somewhat enlarged. The juice from 
the seat of inoculation will be found to contain a 
mixture of organisms, but in the blood and organs few 
will be found. Under the capsule of the spleen, how¬ 
ever, long slender rods may be seen ; these are the 
bacilli of malignant oedema. 

Morphology. —The bacillus of malignant icdema is a 
long and slender rod, several of which may be united 
into a thread. It is motile, possesses several flagella, 
and is readily stained by the ordinary anilin dyes, but 
not by Gram’s method. It spores freely at tempera¬ 
tures above 20° C., the spores being large and central. 

Cultural character ».—Thebacillusof malignant (edema 

29 
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is strictly anaerobic. In a deep stab in glucose-agar it 
forntta thick line of growth in the needle track, with 
irregular outline and greyish-white in colour. There is 
profuse development of gas, accompanied by a foul 
odour, and attended with disruption of the medium 
into several portions. 

The bacillus of malignant oedema is an organism which has 
to be distinguished from anthrax, and there should be no 
difficulty in doing this. Post mortem, the spleen is rarely 
found much enlarged in malignant oedema, the organism is 
not very abundant, is almost entirely absent from the blood, 
and is only found under the capsule of the spleen, not at, its 
centre. If, however, several hours have elapsed since death 
occurred, the organism may have wandered into the blood 
and the centre of the spleen. The bacillus of malignant 
oedema is motile under anaerobic conditions, the anthrax 
bacillus non-motile; the former occurs as a long slender 
filament, which on staining is seen to consist of two or three 
long segments; it does not stain by Gram’s method (except 
by Claudius's modification), aud is strictly anaerobic. 

Bacillus botulinus. 

In certain forms of meat poisoning (see Chap. XXI) van 
Ermengem isolated an anaerobic bacilhis, the B. botulinus. 
It is chiefly met with in ham and sausage, and the symptoms 
are caused by the absorption of toxin, which has a special 
effect on the nerve centres. 

The organism is a large Gram-positive anaerobic bacillus, 
often occurring in pnirs or in short chains. In glucose 
gelatin it forms a whitish streak in the line of the stab, with 
lateral out-growths, liquefaction of the medium, and gas- 
formation. The cultures have a rancid odour, due to butyric 
acid production. The colonies in gelatin are semi-transparent 
spheres. The optimum growth is from 20°-30° C. 

The B. botulinus in broth cultures forms a potent extra¬ 
cellular toxin. The toxin is also produced in the infected ham, 
sausage, etc. With the toxin an antitoxin can be prepared. 
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Bacillus Welch !!. 1 

Probable synonyms. — B. ai ! rogenes capsulalu* (Welch and 
Nuttall), Granulo-bacillus saccharo-butyriciis inimobilie liqnr- 
faciens (Grassberger and Schattenfroh), B. enter illtl is sporo- 
genes (Klein), B. perfringens (Veillon and Zulier), gnu- 
phlegmon bacillus (Friiukel), bacillus of acute rheumatism 
(Achaline : see “ Rheumatism ”). 

This organism was originally described by Welch 
and Nuttall under the name JJ. aernyeiie* m/initialits, and 
occurs in conditions accompanied by much development 
of gas in the tissues, as in eases which might be 
described either as phlegmonous erysipelas or as 
emphysematous gangrene, especially after injuries. It 
is also met with occasionally in perforative peritonitis 
and in various seplictemic and pyieniie conditions, in tin* 
puerperal state, 2 complicated stricture, etc. 

The B. Welchii is widely distributed, and has been 
cultivated from the soil, dust, and contents of the 
intestine. It has either been described under a variety 
of names, or a group of closely related bacilli may 
exist. Gas-bubbles found in the blood nnd internal 
organs (“ foamy organs ”) at an autopsy seem generally 
to be due to this organism, but may occasionally 
perhaps be caused by other putrefactive bacteria. 

Morphology .—The B. If T elchii is a non-motile, sporing, 
anthrax-like bacillus, variable in size, being U to (1 p in 
length (Plate XVJI., h). It occurs singly, in short 

1 See Welch and Nuttall, Bull. John* Hopkin * //«*}'•• vol. iii, IMS!, 
p. 81 j Welch, * Shattuck Lecture,’ ibitl., vol. xi, I (too, p. 1H3; Dunham, 
ibid., vol. viii, 1897, p. 08; Welch and Klexnor, Jnurn. Keper. Med., 
vol. i, 1896, p. 5; Hotter, Bacterial Infection* of the Digeetire Tract, 
1907 j Kanien, Centr.f. Baht , Orijj. xxxv, lint, pp. Mt, 086; Archie 
f. Hyg., vol. liii, 1905, p. 128; and Wake and Idiliny, Journ. Amer. 
Med. Aeeoc., vol. liv, 1910, p. 1671. 

: See Little, Bull. Johnt Mopltin* Hoe p., vol. xvi, 1905, p. 138. 
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chains, or in .clumps, and occasionally in long threads. 
It staips well with the ordinary anilin dyes and also by 
Oram’s method. A capsule is often present, but spores 
are only formed in blood-serum cultures. 

Cultural character *.—The B. Welchti grows well on 
all the ordinary culture media, slowly at 20° C., rapidly 
at 'blood-heat, but is strictly anaerobic. It forms 
greyish-white colonies on agar, and gelatin is liquefied. 
In glucose-broth it produces at first a diffuse cloudiness, 
but later the fluid becomes clear and a whitish viscid 
sedimeut settles. Milk is coagulated, the casein form¬ 
ing a thick, stringy, honeycombed mass on the surface 
of a clear watery whey. On potato the growth is 
almost invisible. There is abundant formation of gas 
in culture media, the gas both in dextrose media and in 
milk, according to Theobald Smith, consisting of 
hydrogen and carbon dioxide in the ratio 2 : 1 or 3 : 2. 

Pathogenicity .—The B. Welchii is pathogenic for 
guinea-pigs and mice, but slightly so for rabbits. The 
whey of a milk culture in quantities of 0*5—2 c.c. per 
100 grm. of body-weight produces death of a guinea-pig 
within forty-eight hours. Post mortem, if injected Bub- 
cutaneously, the hair strips readily from the skin, which 
may be green and gangrenous; the subcutaneous tissue 
may also be green and gangrenous, or more or less 
digested, so that the Bkin hangs loose, and the sac 
formed contains gas and exudation, sometimes scanty, 
sometimes abundant, thin and sanguinolent, and con¬ 
taining numbers of bacilli. If the post-mortem be 
delayed, or if the heart-blood be taken up into tubes, 
and these are sealed and incubated for some hours, many 
of the bacilli will spore. Pigeons, by intra-muscular 
inoculation, are also susceptible. Injected intra¬ 
venously into a rabbit, the animal killed immediately and 
the carcase inonbated at 37° C. for twenty-four hours 
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Bacillus Enteritidis Sporogenes 

and examined, there is an abandant formation of gas, 
particularly in the liver, which is riddled with gas- 
bubbles. This is a- very characteristic test (fyolch- 
Nuttall test). 

The B. Chauvspi also produces this “ foaming ” 
condition of organs when similarly treated, but spores 
freely, whereas the B. Welchii does not spore under 
such conditions. Monkeys fed with considerable 
numbers of B. Welchii are unaffected. In the human 
intestine the organism is almost absent or scanty in 
nurslings and children, but becomes more and more 
abundant as age advances. It is probable that it is 
capable of producing n&crotic changes in the intestinal 
mucous membrane. Different strains seem to vary 
much in virulence. 

Products and toxins .—The gas production has 
already been mentioned. Butyric and allied acids are 
freely formed, but lactic acid is scanty. Indole may 
or may not be produced. Hannolytic substances can bo 
readily detected in blood-bouillon cultures, and the 
organism is abundant in the intestine in some cases of 
primary anaemia and possibly may have some relation 
to the condition. In some cases of infection the blood- 
serum agglutinates the organism. 

Under the name B. cnttrUidis tporotjcnv*, Klein 1 isolated a 
bacillus similar to the B. Welchii from the evacuations of, and 
from milk consumed by, patients suffering from an epidemic 
diarrhoea which occurred in St. Bartholomew's Hospital; as 
did Andrewes,* from cases of diarrlirea admitted into the same 
hospital. Klein believed this organism to Is* t he cause of the 
diarrhoea, and stated that it could not Is! found in the 
intestinal evacuations of healthy individuals. Klein also 

1 Btp. Med. Of. hoc. Got. Board, 1895-86, p. 197; ibid.. 1W7-9H, p. 
826. 

* Uid. for 1898 -97, p. 826. 
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found it in water, sewage, manure, and milk. The writer, 
however, showed that it could generally be found in the 
normal* dejecta, also in road and laboratory dust, and fre¬ 
quently in milk, and the opinion he formed was that it was 
probably a ubiquitous organism and had little to do with the 
diarrhoea. 1 Glynn also found the organism to be very widely 
distributed, aud fed guinea-pigs with, and himself ingested, 
cultures without result. 3 

The B. enteritidia aporogenea in its morphology, staining 
reaction, and cultural characters is almost, if not quite, 
identical with the preceding organism, the B. Welchii or B. 
aerogenea capaulatna of Welch. The only point of difference 
between them is that the former, according to Klein, is 
motile and flagellated, while the latter, according to Welch, 
is nou-moLile aud non-fiagellated. Spores are only formed 
in serum or gelatin, not on agar. It is abundantly present in 
sowage and sewage-contaminated water (see Chapter XXI). 
The Cloatridium bntyricum of Botkin, an energetic butyric- 
acid-forming anaerobic bacillus (p. 456), produces iu milk 
changes similar to those of the B. Welchii, but is non-patho- 
genic. 

Clinical Examination (Malignant (Edema and B. 

Welchii). 

The character of the wound and discharge will probably 
give some indication of the existence of infection with 
maliguaut oedema or with V. Welchii. The tissues are 
softened, (edematous, and discoloured, and soaked with a 
foul-smelling, sanguineous fluid, which may be frothy from 
the development of gas. Other bacilli will probably be 
present. 

(1) Make films from the discharge. Stain some with 
Loffler's blue, and others by Grain's method. Examine 
microscopically, aud look for bacilli of the forms described. 
B. Welchii Btains, malignant cedema does not stain, by 
Gram. 

: Trans. Jentur Inst. Preu. Med., vol. ii, 1899, p. 70. 

! Thomson Yates Lab. Pep., vol. iii, Pt. ii, 1901, p. 131. 
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Black Quarter 

(2) Inoculate two guinea-pigs subcutaneously with tlie 
discharge or with portions of the tissues. If Hie animals die, 
look for the characteristic organism. 

(8) An attempt may be made to isolate the bacillus by 
anaerobic cultures and plate cultivations, prepared from 
unheated, and heated (80° C. for ten minutes), material. 

Bacillus cadaveris sporogenes. 

This is another organism isolated by Klein, 1 and bus to Ik 1 
distinguished from the B. Welch it. The two organisms 
are morphologically very similar and liotli stain by Gram's 
method, but the ti. cadaveris sporoyene* does not produce the 
typical changes in milk. In a culture two or three days 
old the milk below the cream layer commences to clear, and 
later this change proceeds rapidly, so that at the end of a 
week three layers are apparent—an upper of unchanged 
cream, a middle, yellowish and watery, and a lower of precipi¬ 
tated casein. Its colonies on agar an; also different, sending 
out ramifying, anastomosing threads from their margins, 
aud it spores freely on agar in two to three days. 

Black Quarter. 

Syn.: Black Leg, Quarter Evil, Symptomatic Anthrax, 
Rausclibrand. 

Black quarter is a disease affecting sheep and oxen, and is 
unknown in man. The names black quarter, black h*g, and 
quarter evil are derived from the dark discoloration ot the 
muscles of the leg and flanks or quarters of the affected 
animals. When the muscles are cut into a thin sanguineous 
fluid exudes, and in this slender bacilli are present, some of 
which are swollen or club-shaped from the presence of sjstres. 
The muscles are dark, slightly crepitant owing to the 
presence of gas, and have a rancid odour. 

The organism, the B. ( Clostridium) Chaursei, is a slender 
rod never forming long threads, is strictly anaerobic and 
motile, but loses its motility in the presence of oxygen. Some 
* Centr. /. Baht. (l'« Abt.), xxv, p. 278. 
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of the rod a are cylindrical throughout, others form slender 
spindles, other 6 are oval or lemon-shaped. It stains with the 
ordinary anilin dyes but not by Gram’s method (except by 
Claudius’s modification). Occasionally in the tissues it 
seems to stain by Gram. The organism forms endogenous 
spores, the spore-bearing rods lieing enlarged or club-shaped, 
and therefore should be termed a “ clostridium.” 

It can be grown in deep stabs in gelatin and agar. Gelatin 
is rapidly liquefied. In glucose-agar it forms a thick, irre¬ 
gular, greyisli growth, with much development of foul-smelling 
gas. The writer has found extreme difficulty in isolating 
and in maintaining cultures of the organism. The guinea- 
pig is susceptible if inoculated subcutaueously or into the 
muscles, the bacilli being found at the seat of inoculation, 
but not in the blood or internal organs. Artificial immunity 
can 1)6 induced in various ways: by bacilli attenuated by 
heat or by successive cultivations, or by heating the dried 
muscle to 85° to 90° C. for six hours (Kitt), also by inoculating 
the suscoptihle animal at. the tip of the tail. Hanna, 1 by 
growing the organism in a mixture of blood-plusma and 
broth, obtained toxins which, by careful injection, conferred 
immunity on rabbits, the animals after injection yielding an 
antitoxic serum. 

Hamilton has descrilied specific anaerobic bacilli in braxy, 
louping-ill, and other diseases of sheep and deer. 2 

Clostridium butyricum. 

An anaerobic organism occurring in milk, in which it pro¬ 
duces a marked butyric acid fermentation with changes like 
those of the li. Welchii. It forms short rods, and also long 
ones 3 to 10 p in length, and filaments are met with. Spore- 
formation bikes place freely in enlarged segments. It forms 
a whitish growth ou agar, and gelatin is rapidly liquefied, 
a scum forming on the surface. It is non-pathogenie 
(p. 454). 

1 Joum. Path, amt Pact., vol. iv, 1807, p. 383. 

* Rrp. Lovping-IU and Braxy Cow., Board of Agriculture and 
Fisheries, 1000. 
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CHAPTER XJV. 

ASIATIC CIIOI.EKA—SPIRILLUM MKTCIIMKOVI—SI'I IMI.I.UM OK 
PINKLKIt AND PRIOR—SI'IKII.I.I'M TVI.'OOKKI M—SPIIMI.I.l’il 
KL'BKUM. 


Asiatic Cholera. 

The bacteriological study of Asiatic cholera iiihv lie 
said to date from the researches of Koch, who in 1884 watt 
sent by the German Government to investigate the disease in 
Egypt and India. He descrilied an org.misni present in file 
intestine and in the dejecta which lie lielieved to l*e tile 
specific contugimn, and termed it the “comma I wix-i 11 iim 
from its curved shape. This name is a misleading one, for 
the organism is not shaped like a printer s comma, hut is a 
eurved rod, and belongs to the irroup of spirilla; however, it 
is commonly known as “ Koch’s comma bacillus. 

Spirillum choleric asiatics. 

Morphology .— Curved rods with rounded ends I to -/* 
in length, sometimes forming half a circle, sometimes 
united in pairs forming an S-«haped curve (Plate 
XVIII., a}. It is more or less abundant in the intestine 
and ill the alvine discharges, especially in tin 1 rice-like 
Hakes, bnt is not found in the blood, organs, or tissues. 
In the rice-like flakes it is frequently so numerous that 
in a cover-class specimen the “ commas ” iipjiear in 
masses crowded together and lying parallel to one 
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another (known as the “ fish-in-stream ” arrangement). 
It stains well* with the ordinary anil in dyes, especially 
with dilate carbol-fuchsin, but is decolorised by Gram’s 
method. It is actively motile, and typically possesses 
a single terminal flagellum at one end only, but there 
is some variation in this respect. Spores are not 
formed, though in old cultures Hueppe described bodies 
which he believes to be arthrospores. In such cultures 
the, bacilli lose their regular shape, and swollen and 
distorted involution forms are seen. 

Under cultivation in bouillon or in a hanging-drop 
specimen the organism tends to develop into a spirilli- 
form filament, and the commas are therefore regarded 
as resulting from the breaking up of a spirillum; but 
if the conditions of growth are very favourable multi¬ 
plication may be so rapid that the curved rods or 
commas are alone produced, the organism dividing 
before it has had time to grow into a spiral. Such a 
curved rod is commonly known as a “ vibrio.” 

Cultural characters and biology .—The Koch’s spiril¬ 
lum is aerobic and facultatively anaerobic, and grows 
well on the ordinary culture media from 20° to 37° C. 

According to Frankland, although it grows readily 
in an atmosphere of hydrogen, it does not develop in 
ono of carbonic acid gns. In gelatin plates at 22° C. 
small cream-coloured colonies appear in about twenty- 
four hours, soon accompanied by liquefaction, so that 
in two or three days the plate becomes pitted. Micro¬ 
scopically, the young colonies are rounded with 
irregular margins, cream-coloured, and coarsely 
granular. In stab-cultures development occurs all 
along the stnb as a whitish, opaque, punctate growth, 
thioker above than below. Liquefaction commences 
about the second day and progresses slowly; in the 
early stage it is confined to the surface, and looks like 
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a little bead or air-bubble (Plate XYTII., h) t but in a 
fortnight or so the greater part of the gelatin limy bo 
liquefied. Liquefaction varies greatly both in rate and 
■in extent in different cultures and stocks; in some old 
laboratory cultures it may be almost absent. On 
surface agar a thick, moist, shining, greyish growth 
quickly develops with more or less crenated margins, 
often becoming brownish when old. On blood-scrum 
much the same growth occurs with slow liqticfuction. 
A thin brownish layer is formed on potato at .‘17° 0.; 
and broth becomes turbid, a delicate Him forming on 
the surface. Peptone water, or Dunham's modification 
of it (l per cent. NaCl), is a good cultivating medium, 
and becomes turbid, especially in the upper layers. 
In milk it multiplies rapidly without curdling; neutral 
litmus glucose-agnr is reddened from the development 
of acid, but no gas is produced under cultivation. 
Acid, but not gas, is produced from glucose, maltose, 
saccharose, lactose, and starch. 

An important characteristic of the cholera, spirillum 
is the rapid formation of indole in considerable quantity, 
and the reduction of nitrates to nitrites, especially in 
peptone water. This forms the basis of the important 
cholera-red reaction; a few drops of pure sulphuric or 
hydrochloric acid udded to a peptone-water culture, 
eight to twelve hours old, give a pink colour, and the 
colour is intense when the culture is two to three days 
old, and of a purplish-red colour, like that of potassium 
permanganate. Some specimens of “ peptone are 
unsuitable for the peptone water used for obtaining 
the reaction, either on account of the absence of a 
tryptophane nucleus, or of nitrates and nitrites. I he 
medium should be sugar-free, and the addition of 0 01 
per cent, potassium nitrate to it is an advantage. 
Some believe that two pigments are formed in the 
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reaction, a cholera-red and the nitroso-indole pigment. 1 
The reducing action of the cholera spirillum can also 
he shown by growing in litmus broth, which becomes 
. decolorised (Cnhen’s test). 

Kraus and Prantschoff* noticed that certain vibrioB 
' dissolved red blood-corpuscles, but came to the 
. conclusion that no true recently isolated cholera vibrio 
is hemolytic (see also p. 465). 

Strong,* in the Philippines, found that all vibrios 
which agglutinated well with a cholera serum were 
genuine cholera vibrios and that none of them was 
hemolytic. On the other hand, Baerthlein 4 found 
that seven freshly isolated strains of the cholera vibrio 
were definitely hemolytic in suspensions of sheep’s 
corpuscles in from twenty-four to forty-eight hours. 

. Van Logbem* employs goat’s blood in hemolytic tests 
• for the cholera vibrio. He asserts that goat’s blood 
is quickly hemolysed by hemolysing oholera-like (e. g. 
El. Tor, p. 465) vibrios, but that recently isolated 
cholera strains, if they liemolyse at all, do not do so 
' for some time—twenty-four to forty-eight hours. 

■ The cholera spirillum retains its vitality in cultures 
for a month. It can multiply in water and on the 
surface of moist linen, but rapidly dies on drying. Its 
thermal death-point, according to’ Sternberg,-is 52° C. 
with an exposure of four minutes; according to 
’ J&itasato, 55° C. in about ten minutes. It is easily 
destroyed by the ordinary germicides. * 

f ; ln some experiments by Dempster* it was found that 

Bureau of Government Laboratories, Manila, Balia IS 
*64 81,1804 and 1905. 

‘ riMatlla.. We?V, 1900, p. 899. 

Jo an s. Btienn, vol. v, 1910b p. 408. 

«■* itrt. aao dim leaitmi. Qmtm&irtUamtr, xxxvi, 1911. 

■■1‘OWr, / Bait., At*. T (Originals). ItU, 1911, p.280, 

* JtaLt OkSir. W, voL buevi), 1094, p. 268. 
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Survival of the Comma Bacillus 

the comma bacillus lived from three to five days in dry 
soil, but only one day in an artificially dried soil, while 
in moist soil it lived from twenty-eight to sixt^-eight 
days. In peat, however, it was invariably dead within 
twenty-four hours. In sterilised salt solution (075 
per cent.) the comma bacilli were alive on the 159th 
day, and in fresh urine (sterilised) they lived fourteen 
days at 37° C. and twenty-nine days at 22° C. 

In sterilised distilled water the cholera spirillum 
usually rapidly dies, as a rule within twenty-four hours. 
The addition of sodium chloride greatly increases the 
length of time it may remain alive, a survival of five 
or six weeks having been recorded. In ordinary 
sterilised potable waters it may survive many months. 
In unsterilised potable waters its survival is greatly 
influenced by the presence of salts; in some cases it 
dies out rapidly ; in others, especially in those 
containing a large proportion of salts, it may remain 
alive for some time* Houston 1 found that cholera 
vibrios die very rapidly in raw Thames, Lee, and New 
River waters as the result of storage in the laboratory. 
At least 99*9 per cent, perish within one week, and it 
was not possible to isolate any, even from 100 c.c. of the 
water, three weeks after infection. Klein* found that 
the cholera vibrio could retain its vitality for at least 
fourteen days in nnsterilised sea-water, while from the 
interior of oysters, kept in water infected with the 
vibrios, it was obtained up to nine days after infection. 
In sterilised sewage the cholera spirillum multiplies and 
survives for months; in unsterilised sewage it may 
survive for two to four weeks (Houston). 

Pathogenicity .—The disease is spread mainly by 
infected water ; milk, salads, vegetables and flies are 

1 Metropolitan Water Board, Fifth Rtp. on Reuareh vork, 1910. 

* ttep. Med. Of. Loc. Qov. Board for 1800, p. 186- 
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also other sources of infection. The organism has 
been found in the dejecta of contacts not suffering 
from the disease, and it mny sometimes persist for long 
periods after convalescence. 

The relation of the cholera spirillum to the disease 
has been a very vexed question in the past, but the 
outcome of the voluminous researches which have been 
made is to confirm Koch’s work. The organism is 
found in all cases of cholera, and several instances of 
laboratory infection from cultures have been recorded. 

None of the lower animals suffers from or contracts 
a disease in any way comparable to Asiatic cholera, so 
that the test of animal experiments cannot be applied 
except in the case of young suckling rabbits (see 
below, “ Anti-serum”). By first neutralising the acidity 
of the gastric juice by an injection of sodium carbonate 
solution into the stomach, then diminishing peristalsis 
by an injection of tincture of opium into the peritoneal 
cavity, and finally injecting a, broth culture of the 
cholera spirillum into the stomach, Koch succeeded in 
inducing in guinea-pigs a condition somewhat similar 
to cholera in man—namely, indisposition with falling 
temperature, weakness of the extremities, and death in 
forty-eight hours. Post mortem, the small intestine 
was congested and tilled with a watery fluid containing 
large numbers of the cholera spirillum. injected into 
the peritoneal cavity of mice, guinea-pigs and rabbits, 
it usually product's death from a general scpticiemin. 

Metehnikoff 1 ascribes the immunity of animals to 
intestinal cholera as largely tine to the inhibitory action 
of the other organisms present in tin* digestive tract. 
In man digestive disturbances are often an important 
predisposing cause of an attack. The acidity of the 

1 Attn, ite l'Inal. 1‘naleur, vii. pp. 403, 5112 j vol. via, pp. 257. 
620. 
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gastric juice is also probably a moans of defence (see 
“ Water ”). 

The blood-serum of an animal immunised by injections 
of the cholera spirillum gives a typical agglutination 
reaction with recent cultures of the organism. The 
reaction can also be obtained with the blood-serum of 
cholera patients sometimes as early as the first day of 
the disease, but it is probably of little use for diagnostic 
purposes, as the course of the* disease is ^vnernlly so 
rapid. 

Orrnrrevcp of the vibrio .—That tin* cholera spirillum 
is associated with the disease seems to he bevoml any 
doubt, and so constant is its presence in true cholera 
that all investigators, even those who at one time 
opposed Koch’s views, rely on its detection for the 
bacteriological diagnosis. The matter, however, has 
become complicated owing to the detection in various 
natural waters of pathogenic spirilla which, although 
not identical with the cholera spirillum of Koch, 
resemble it so closely that it is difficult fo classify them 
as anything but varieties of the cholera spirillum. In 
certain epidemics in India variations have also been 
noted in the cholera spirilla that have been isolated. 
Sanarelli 1 isolated from the Seine and Marne thirty-two 
spirilla, of which four were almost indistinguishable from 
cholera, except that they were only slightly pathogenic, 
but by passage through a series ol animals t heir palIm- 
genic power was much enhanced. Sanarelli believed 
that these were the descendants of frm* cholera spirilla 
that had gained access to the river- during some* 
previous epidemic of cholera. At the same time it is 
to be noted that vibrios may also be present in the 
normal intestinal tract of man ami animals, ami may 
therefore gain access to streams (Sanarelli;. Dunbar 
.Inn. tie I'lnel. Vaeteur, vii. |>. <503. mi l fx, p. 129. 



464 Manual of Bacteriology 

similarly, from the Elbe, Rhine, and other rivers, isolated 
a number of %pii'illa which conld not be distinguished 
from the cliolera spirillum (Spirillum Elwera). It was 
afterwards noticed that some of these under certain 
conditions of oxidation and temperature became phos- 
phorescent, 1 but Rumpel 3 has also found that cultures 
of the genuine cholera spirillum may exhibit phosphor* 
escence, so this cannot be used as a differential character 
for the separation of non-choloraic forms. Neisser 
isolated a spirillum, which he termed Vibrio Berolinenaia, 
which agreed with the cholera spirillum in every par* 
ticular except that the colonies in a gelatin plate were 
invisible to the naked eye in forty-eight hours. Heider 
found in the Danube a spirillum, named by him the 
Vibrio Danubicua, which resembled the cholera spirillum 
closely, but its colonies were somewhat different, and 
it was more actively pathogenic to mice. Ivanoff 
similarly obtained a spirillum which could only be 
distinguished from cholera by the finer granulation of 
its oolonies and more distinct spiral form. Lastly, there 
is the Spirillum Maaaovtah, isolated from an epidemic 
of cholera at Massowah, which differs from the Koch 
spirillum in having two terminal flagella at each end. 
Cunningham has also described several spirilla differing 
but slightly from the cholera spirillum. 

Applying the Pfeiffer and agglutination tests to the 
spirilla in question, the following results were obtained. 
In the first place, each of the organisms gives a 
complete positive reaction to both tests with its own 
serum j this, of course, is only to be expected. Pfeiffer 
found that, using his reaction, the variety Ivanoff gave 
a positive reaction with cholera serum, and Durham 
found that Ivanoff and Berolinenaia reacted completely 

» Cnlr. r. Baht . (1“ At*.), xviii, 1886, p. 424 (Kntaqher). 

* Munch, mad. Woehanaehr., 1806, No. 3. 
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with cholera serum. Conversely, positjvo relictions 
with cholera spirilla were obtained with Maafouah, 
Danubicua, and Elwera sera, while .Uoaaownh and Elwera 
react completely to each other. From these considera¬ 
tions it would therefore seem probable that some of 
these spirilla— Sanarelli, Berolincnaia, and lean off —may 
be varieties of the Koch spirillum. The Massowuh 
spirillum is usually considered not to be a true cholera 
vibrio. 

Buffer 1 in 1905 at El Tor isolated vibrios, which muy 
be distinguished as “ El Tor vibrios,” from the intestine 
of pilgrims returning from Mecca and suffering from 
various diseases (dysentery, diarrhoea, pneumonia, rheu¬ 
matism), but among whom there hud been no cholera, 
nor had they been in contact with cholera. These 
vibrios were subjected to detailed examination by the 
agglutination, saturation and fixation tests, and Pfeiffer’s 
reaction with Berlin cholera-immune serum, and also by 
the haemolysis test. Vibrios isolated from a previous 
epidemic of cholera (referred to as Croup 1), and other 
vibrios isolated from cholera and other stool (Croups II 
and 4), were also compared with the El Tor vibrios. 
Buffer’s results were as follows: 

Group 1 (undoubted cholera vibrios).—Those which 
react positively to the four principal tests with cholera 
serum—namely, the agglutination, saturation, ami 
fixation tests, and Pfeiffer’s reaction. They do not 
hcemolyse, even when remaining in contact with red 
corpuscles for three days at the temperature of the 
laboratory. 

Group 2.—The second group contains the vibrios 
agglutinated by and giving the saturation and Pfeiffer's 

1 Reeearchet on the Bacteriological Diagnoeie of Cholera. Sanitary, 
Maritime, and Quarantine Council of Egypt, Alexandria, 1907. (Abo 
Brit. Med. Jour a., 1907, vol. i, p. 736.) 
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reactions witji cholera serum, but not fixing the cholera- 
immupe body. These vibrios are strongly haemolytic. 
This group consists of the El Tor vibrios only. 

Group 3 .—The third group is formed by vibrios 
which are not agglutinated by immune serum, do not 
give the saturation or Pfeiffer’s reaction, but fix the 
cholera-immune body. These vibrios also lmnnolyse, 
but feebly and late, often only after thirty-six to forty- 
eight hours. 

Group 4.—Tho last group is formed by strongly 
hfomolytie vibrios not reacting at all to cholera-immune 
serum. 

Ruffer concludes that the El Tor vibrios are not 
genuine cholera vibrios. He says : “ Tho only possible 
classification is to group together all the vibrios 
reacting in the same way to all tests, separating them 
from those which, under the same conditions, behave 
in a different way. If this method be applied to the 
vibrios found at El Tor, there is no difficulty in dis¬ 
tinguishing them from the true cholera vibrios, in spite 
of several of tho reactions of both being similar. And 
it follows also that tho agglutination, saturation and 
Pfeiffer’s tests are not in themselves of. absolute 
diagnostic value for cholera vibrios.” 

Noufield and Hacndel, 1 however, after a re-examina¬ 
tion of some of these vibrios, consider that they are 
true cholora vibrios. The matter therefore remains 
u'lidecided. 

Klein found that the cholera vibrio kept in seu- 
water showed marked variation from the original strain. 
In the East many cases of cholera are mixed “ vibrionic ” 
infections; the stools may contain several varieties of 
vibrios, some agglutinating with cholera serum, others 
not; some uionociliatc, others multiciliate. 

1 Arbeit, a. d. Kail. Oerundhcitiamte, uvi, 1907, p. 536. 
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It may be that, like the B. <hj#enteri;v f the chulern 
vibrio is not a single definite organism, but that ejiolcra 
Oiay be caused by any one oF a group of closely allied 
vibrios. 

Toxins .—Briegor in 1887 obtained cudiiverin anti 
pntrescin and two other basic bodies from cholera 
cultures. Brieger and Priinkcl isolated a tox-ulhumin, 
and Uamaleia a ferment-like body. Ilueppe believes 
that the cholera poison is a tox-albiimin formetl in tin* 
culture medium, but that immunising substances are 
derived from the bacterial cells. 

Rontaler compared the chemical products of the 
ordinary cholera and of the Massowah spirilla, ami 
could find little difference between then. 

Wesbrook 1 obtained albumoses and other bodies 
from alkali-albumin, egg, ami Usehinsky medium, 
cultures. This observer also found aerobic cultures of 
tho cholera spirillum to be much more toxic than 
anaerobic ones. 

Pfeiffer found that cholera cultures killed with 
chloroform vapour contained a toxic substance fatal to 
guinea-pigs in small doses, with extreme collapse. lie 
believed the substance to be an integral part of the 
bacterial cells. 

Metchnikolf, 51 ltoux and Salimbeni demonstrated tin* 
existence of a soluble cholera-poison in a very ingenious 
manner. Collodion sacs of 2 c.c. to 8 c.c. capacity 
were sterilised, filled with peptone solution, inoculated 
with the cholera spirillum, and closed. The closed 
sac was then introduced into the peritoneal cavity of 
a guinea-pig, which died in three or four days from 
the effects of the soluble toxins dialysing through the 
walls of the sac (see also next page). 

1 Joum. of Path, and Baet., vol. iv, IKWI, j>. 1. 

* Ann. de l’hut. Patteur, x, 1890, p. S57. 
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Brau and Pernier 1 obtained a toxic filtrate by culti¬ 
vating the cholera vibrio in a medium consisting of 
horse-serum with an addition - of 10 per cent, of 
defibrinated horse-blood. 

Macfadyen obtained a highly toxic endotoxin by 
triturating cholera cultures with liquid air. 3 

Emmerich 3 strongly supports the view that the 
cholera intoxication is not a toxin intoxication, but 
is due to nitrite poisoning, the nitrites being produced by 
the reducing action of the vibrios on nitrates present. 

Anti-serum .—By growing the cholera spirillum in a 
shallow layer with free access of oxygen in a peptone 
gelatin-salt medium, Metclinikoff and his co-workers 
obtained a toxic fluid after three or four days’ growth. 
During incubation the fluid becomes concentrated to 
about one eighth by evaporation. After filtration, 
0*25 c.c. killed a 300-grm. guinea-pig in eighteen 
hours. Goats having been inoculated with increasing 
doses of this toxin, commencing with 10 c.c. and 
reaching 200 c.c. in six months, become immunised 
and yield an antitoxic serum, 1 c.e. of which will 
neutralise four times the lethal dose of toxin. Metch- 
nikoff had previously found that young suckling 
rabbits suffer from an intestinal cholera when fed with 
oultures, so that the effect of the cholera antitoxin in 
preventing intestinal cholera could be tested on these 
animals. Experiment showed that of the treated 
rabbits, 51 per cent, survived, of the untreated only 
19 per cent. Salimbeni employed a serum prepared 
in this manner in the treatment of cases of cholera in 
the Russian epidemic, 1910. 

Animals may be inoculated with dead and living 

1 in*, dt rinit. Ptutaur, xx, 1906. 

* Lanctt, 1906, vol. ii, p. 494. 

’ Munrk. mail. Wochmtckr., 1911, No. 18, p. 942. 
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cultures and an immune serum so prepared, but no 
practical value has yet attended the use of anti-sera 
in the treatment of cholera. Macfadyon immunised a 
goat with cholera-cell juice, and obtained a serum of 
which fjf-Q c.c. protected a guinea-pig against three 
lethal doses of cholera culture. 

The writer prepared an anti-endotoxic serum in this 
manner, with which a few cases of cholera were treated 
in Russia. 1 

Vaccine .—Ferran in 1885 first prepared a vaccine 
by making cultures (mixed) in broth from cholera 
stools and injecting 03—0'5 c.c. subcutaneously, but 
the reports of the commissions sent to investigate the 
method were unfavourable. 

Haffkine subsequently prepared a vaccine against 
cholera from cultures of the Koch spirillum, which 
seems to be efficacious in preventing the disease. For 
example, a number of labourers were inoculated, during 
an epidemic, and among the inoculated the mortality 
was only 2*25, whereas among the uninoculatcd it was 
nearly 19 per cent. In another instance amongst 
654 uninocnlated there were 71 deaths, a mortality of 
10-86 per cent., while among 402 inoculated there were 
only 12 deaths, a mortality of 2'99 per cent., and a 
reduction in mortality of 72’+7 per cent. 

In the Haffkine method two vaccines are made use 
of. The first or weak vaccine is prepared from 
cultures of the cholera vjfirio attenuated by growing on 
the surface of agar, with free aeration, for several 
generations. The second or strong vaccine is prepared 
. by enhancing the virulence of a cholera culture by a 
succession of passages through the peritoneal cavity of 
guinea-pigs. The virulence of this culture must be 

maintained in the same manner. 

' Lancet, 1010, vol. ii, October 22nd. 
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For malting both vaccines, “ standard " agar cultures 
are employed These are tubes in which the sloping 
surface of agar measures 15 cm. in length, and the 
cultures are incubated for twenty-four hours. The whole 
growth on such a tube is emulsified in 8 c.c. of broth 
or salt solution ; the dose of this is 1 c.c., and the 
vaccines (living, or killed by heat, or carbolised) are 
injected into the flank, the second or strong being 
given seven to ten days after the first or weak. 

Uesredka, 1 by making a mixture of cholei*a culture 
and cholera-immune serum, allowing this to stand for 
twelve hours, heating to 56° C. for one hour and then 
injecting subcutaneously, claims that nil immediate and 
lasting (six mouths) immunity may be produced. 

Strong 2 preparos a vaccine from autolysed cultures. 
The cholera vibrio is grown on surface agar for twenty- 
four hours at 87° C. ; the growth is then washed olT 
with sterile water, the suspension is kept at 60° C. for 
twenty-four hours, and then at 37° C. for two to five 
days, and is finally filtered through a porcelain filter. 

Clinical Diagnosis. 

Some of the rice-like flakes should lie picked out of the 
stool and well rinsed in sterile salt solution. 

1. From one of the whitish, slimy, rice-like flakes in the 
evacuations or the intestine films are prepared, stained iu 
LofHer’s blue, washed, dried, aud mounted. If on examina¬ 
tion large numbers of curved rods lying in groups parallel to 
one another are observed, the diagnosis of Asiatic cholera 
may lie made with some degree of certainty. Koch states 
that this is so in quite half the cases, especially the acute 
ones. (Single, or a few, vibrios are of no diagnostic signifi¬ 
cance ; they may occur in normal aud diarrhoea stools. The 

1 itmi. <ie I'Inst. Pasteur, 1002, p. 018. 

* Jlnrenu o f Gov, Laboratories, Manila, Bull. No. 10,11104. (Bibliojf.) 
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presence of numbers of vibrios having the “ fish-in-stream ” 
arrangement is also not absolutely eharacterisfie.) 

2. Gelatin and agar plates should bo prepared from ah emul¬ 
sion of rice-like flakes. Agar plates are liesf prejuuvd bv 
smearing the flake over the surface of the solidified agar. 
The plates are incubated at 22° C. and 27° V. resjs*ctivelv. 
In the gelatin plates the characteristic colonies of the cholera 
vibrios should lie recognisable in about twenty-four hours, in 
the agar plates in from twelve to sixteen hours. The likely 
colonies should be examined microscopically and peptone- 
water and other cultures prepared from them. 

A better medium to employ is Pieudoiinc’s Ithasl alkali 
agar. Equal parts of defibrinated ox-blood and normal 
caustic soda solution are mixed and sterilised in the steamer. 
Of this 30 e.c. are mixed with 70 e.c. of ordinary pcptoue- 
agar (neutral to litmus), previously melted. Plates an* 
poured and the plates are kept at 00° P. for half an hour, 
and are then allowed to stand for twenty-tour hours tor 
ammonia to vaporise. On this little else than the cholera, 
vibrio develops (except cholera-like vibrios, which develop 
equally well). 

8. With other rice-like flakes several peptone-water cultures 
should be prepared and incubated at 37 (!■ This is ls*st 
done in the small Erlenmeyer flasks containing a shallow 
layer (1-2 cm. deep) of Dunhams jieptonc-water, without 
wool plugs, but capped with a piece of sterile filtcr-pii|ier. 
In eight to ten hours the upper layers ol the fluid should Is* 
examined microscopically for the presence of commas, and 
gelatin, agar and Dieudonnc agar plates and subcult ores in 
peptone water arc also made by inoculating from the surface 
layer of fluid. The peptone-water culture nun then Is* tested 
for the presence of indole by carefully adding a few drops of 
pure concentrated sulphuric acid. In eases of Asiatic cholera 
♦lie indole reaction can Is* obtained as early as cig it lours 
after inoculation. 

4. To vibrios that have lieeu isolated, the agglutination, 
saturation, and fixation tests and Pfeiffers miction » mu * 
be applied, a high-grade authentic cholera-immune serum 
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being used. The hemolysis test should also be applied (p. 

189). 

Agglutination tests are, however, somewhat variable with 
different strains. 

5. If the case has lasted any time the agglutination reaction 
may be applied, testing the patient’s serum on a known strain 
of cholera vibrio, but this is of doubtful value. 

Spirillum Metchnikovi. 

Isolated by Gamaleia from the intestinal contents of 
chickens dead of an infectious gastro-enteritis which 
occurred in certain parts of Bussia. The disease, 
although resembling chicken cholera in some respects, 
is quite distinct from the latter. This spirillum forms 
curved rods and spiral filaments, generally slightly 
shorter, thicker, and more curved than the Koch 
spirillum. It is decolorised by Gram’s method, and is 
best stained with weak carbol-fuchsin. It is readily' 
cultivated and is aerobic and facultatively anaerobic. 
In gelatin plates it forms small whitish colonies, visible 
within twenty hours, which grow more rapidly than 
the cholorn vibrio, and in two or three days produce 
marked areas of liquefaction. In a stab-culture in 
gelatin a whitish granular growth occurs along the 
line of puncture with liquefaction, much like that of 
the Koch spirillum, but the rate of growth and the 
liquefaction are more rapid (Plate XVIII., c). Grown 
in qggs by Hueppe’s method typical appearances are 
produced. After ten days the white becomes trans¬ 
formed into a yellowish limpid liquid, while the yolk, 
though retaining its form and consistence, is quite 
black. On surface agar a thick cream-coloured layer 
develops; on potato the growth is brownish, and milk is 
coagulated. It grows freely in broth and peptone 
water, the fluid becoming uniformly turbid, and a slight 
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film forms on the surface, and these cultures give a 
marked indole reaction on the addition* of sulphuric 
acid alone, in this respect resembling the • Koch 
spirillum. The S. Metchnikovi is pnthngenic to 
chickens, pigeons and guinea-pigs, but not to rabbits 
or mice except in large doses. It is, however, more 
pathogenic to guinea-pigs than the cholera vibrio. 
Pigeons are killed by intra-muscular inoculation, and 
fowls are susceptible to feeding, whereas the cholera 
vibrio is not fatal to pigeons and fowls under these* 
conditions. It is not agglutinated with cholera- 
immune serum. Abbott’ isolated a pathogenic spirillum 
from the Schuylkill River, Philadelphia, which 
resembles the S. Metchnikovi closely, and is probably 
identical with it. 

Spirillum Finkleri (of Finkler and Prior). 

Isolated from the stools in certain cases of cholera 
nostras, but its rotiological significance is doubtful. It 
occurs as short, tliickish, curved or straight rods, and 
sometimes as spiral filaments. It is aerobic and 
facultatively anaerobic, does not form spores, and does 
not stain by Gram’s method. In a gelatin slab-culture 
a yellowish growth forms with rapid liquefaction 
(Plate XVIII., d). On agar a thick, slightly brownish, 
moist layer develops. Serum is rapidly liquefied. On 
potato a slimy brownish growth occurs even at room 
temperature. It grows in broth and peptone water, 
producing a general turbidity. It does not as a mle 
give the indole reaction with sulphuric acid alone, but 
the ordinary laboratory cultures after three to our 
days’ growth occasionally give a slight reaction. t 
is stated to be pathogenic to guinea-pigs by intra- 

peritoneal inoculation. 

1 Journ. of Etper. Med., vol. i, 1896, p. *19. 
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Spirillum tyrogenum. 

Obtained by Deneke from old cheese, and frequently spoken 
of as Deneke’s spirillum. It forms curved rods and spiral 
filaments somewhat closely resembling the Koch spirillum. 
It grows well on the ordinary culture media at room 
temperature, but development is usually slight or absent at 
37° C. In a gelatin stab-culture a yellowish growth occurs 
with liquefaction, which is much more rapid than that of 
the Koch spirillum, but less so than than of the Finkler- 
Prior spirillum. On agar a thinnish, brownish, somewhat 
membranous and coherent layer slowly develops at room 
temperature. On potato a yellowish growth occurs. It is 
stated to be Blightly pathogenic to guinea-pigs by intra- 
peritoneal inoculation. 

Spirillum rubrum. 

A ehromogenie spirillum obtained by Koch from the 
putrefying tissues of a mouse. In a gelatin stab-culture a 
dark red growth slowly develops along the line of puncture 
without liquefaction; at the surface, however, the growth is 
colourless. In broth at 37° C. it grows freely, producing 
a general turbidity with a red deposit at the bottom of 
the tube; there is no film formation. In such a broth 
culture large numbers of typical spirillar filaments can be 
seen, which arc thin and delicate, of varying length, and 
actively motile. It is non-pathogenic. 

Vibrios are common in the mouth, and maf Ik? met with in 
the discharge of septic ulcers. 
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CHAPTER XV. 

STREPl'OTHKIX INFECTIONS-ACTINOMYCOSIS- MYCKTOMA- 

I.KPTOTITKIX IIITCCAUS CI.A1M >T|t |{ | X HICIIOTOMA- 

MYCOSIS TONSII.I.AKIS. 

Streptothrix Infections (Streptothricosis). 1 

The Streptotricheae are a group of thrcaul-forniiug organ¬ 
isms showing true, but not dichotomous, branching. Their 
exact position in the botanical scale is uncertain ; by some 
they are considered to Isdong to the higher Schi/.omycetes, 
forming a connecting link between these and the Hypho- 
mycetes ; others place them among the latter, and others make 
them a separate and distinct group. 

The Streptotricliece form a filamentous network,or mycelium, 
the individual threads of which show branching, while their 
terminal portions undergo segmentation, with the formation 
of rounded bodies regarded as spores. The mycelial network, 
unless old, stains by Gram’s method, and occasionally pos¬ 
sesses “ acid-fast” properties.* The leprosy bacillus apparentlv 
sometimes grows as a streptothrix, and the tubercle, glanders, 
and perhaps diphtheria, liacilli may belong to this group. 

Pathogenic streptothrix forms are not. uncommon, the liest 
known being those causing actinomycosis of the ox and other 
animals and of man, the white variety of mycetoma, the 8. 
E/ipingeri, more or less acid-fast, originally isolated from a 
cerebral abscess, and also causing a variety of miulura f<s»t, 
8. Nocardii of the ox, and 8. rani* of the dog. Doubtless 

• See Hosgmve, Clegg nn«l Polk, Philippine Jaurn. nf Heienre, vol. 
Ui. 1808, p. 447 ; Foulerton, Lanret, 1810. vol. i, p. 531, el eet/. 

* See Birfc and Leishman, Joum. of ff> g., vol. ii. Pt. ii. It Htt. 




rtrtptothtix infection in mao may occasionally be 
fltttifred,' ail tifto*dinioaJi charioter* are those of tuberculoma. 


Actinomycosis. 


in man, actinomycosis in its clinical history and 
pathological lesions closely resembles tuberculosis, with 
whioh in the past it was frequently confounded. 

In cattle, aotinomyoosis has long been known, but 
its exact pathology was involved in considerable doubt 
.until the researches of Bollinger in 1876. It forms 
tumours chiefly affecting the tongue, jaw, face, and 
throat, and was described under such varied names as 
Wen, scrofula, soirrhus, osteo-sarcoma, cancer, wooden 


tongue, etc. 

The tumours after a time break down and discharge, 
the tongue often protrudes from the mouth, the saliva 
drips, and the animal becomes much emaciated. 

On cutting into a “wooden tongue,” or wen, a 
grating sensation is felt, such as that experienced in 
cutting a turnip or unripe pear; on examining the 
' section little rounded, yellowish, frequently almost 
roaseating areas will be noticed, resembling old 
tubercles. On making sections and examining with 
low power it is found that these rounded areas are 
composed of masses of small round-cells, with occa¬ 
sionally giant-cells, surrounded by a capsnle of fibrous 
tissue. The growth may be so soft as to be practically 


purplent, and abscesses varying in sixe from a pinV 
lltaad' to that of an orange may be present in the 
affected areas. Like tubercles, the growths, may 
teome oaseoup, calcified, or fibrous. In the growth or 
pus from abscesses, when examined fresh with a 
IroW power, yellowish or yellowish-white granules, will, 
TO»$uand here and there, which may be very minute, dr 
jwjt^tirge.'as a small pin's head,, and are somewhat soft 




>-,■* 4 ' 


a Actiimmyrnsis hnvis. Section of tonkin'. < <r;uti. x 350 


h. Mycetoma- Section of tissue, whitis variety. Umin. 
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in consistence and on slight pressure tint ten out. 
Examined with a high power, these granules are 
found to contain round, ovoid, or renifonn Audios 
which have a rosette-like appearance, a more or less 
structureless centre with club-shaped bodies radially 
arranged around the periphery (1‘late XIX., a). 
These peculiar structures are the cause of the disease, 
and are the form assumed in the animal body by an 
organism belonging to the streptotlirix group termed 
the Actinomycev, or Slrejitolhri.v horis, or, from its 
appearance, .the ray fungus. 

Sections of the diseased tissues show the structure of 
the organism still better. (1 ram’s method usually 
gives good results, and it will generally be found that 
the following appearances can be observed: Surrounded 
by the round-cells are the renifonn or ovoid bodies, 
situated at the periphery of which are radially arranged, 
club-shaped structures deeply stained with the gentian 
violet, while the central portion is unstained and struc¬ 
tureless, or contains granular matter or calcareous 
particles. Various appearances may be met with in 
different parts of the section, according as the actino¬ 
mycotic nodules are cut through their centre or peri¬ 
phery ; when tlio latter is the case, the clubs are 
shown in transverse section and appear as closely 
packed, deeply stained tints. Sometimes, however, in 
addition to the clubs, the centre of the rosette is 
occupied by numerous interlacing filaments, also stained 
by the gentian violet. 

In man, actinomycosis is often associated with 
suppuration. If a little of the pus be examined it 
will probably contain tiny yellowish or sulphur-yellow 
granules, which, microscopically, are found to consist of 
tufts of fine tangled filaments, the ends of which may 
be continued into little swellings or clubs. In teased-up 
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specimens, or in sections stained by dram’s method, an 
appearance is observed very different from that of the 
bovine variety, viz. tufts of interlacing filaments stained 
by the gentian violet, but a complete absence of purple 
dubs (Plate XX., a). Clubs, however, are frequently 
present around the periphery of the filamentous tufts 
in a stunted condition, and they do not usually stain by 
Gram’s method. These clubs are often seen better in 
fresh specimens of the pus or in unstained sections, or 
by staining with orange-rubin, or the Ehrlich-Biondi 
reagent (Plate XX., b). The conditions in cattle and 
man, at first sight so very different, are thus seen to be 
similar, a similarity which is further established by the 
occasional occurrence in cattle of filamentous tufts, 
staining by Gram’s method, within the rosettes, and by 
the clubs in man now and then taking on the gentian- 
violet stain. 

Cultural characters. —The cultivation of the Actino¬ 
myces can be performed by collecting the pus from a 
case of the disease in sterilised tubes, and subsequently 
turning it out into a sterilised capsule and picking out 
the actinomycotic granules with sterilised needles, 
planting these on the surface of glycerin agar, and 
incubating at 37° C. A certain number of the tubes 
will probably be uncontaminated, but in others a growth 
of the Micrococcus pyogenes var. aureus or. other 
pyogenic organism, which iB hot unfrequently asso¬ 
ciated with the Actinomyces , may occur. In the 
unoontaminated tubes a growth begins to appear in a 
few dayB in the form - of little colonies of a tough 
membranous consistence, somewhat wrinkled, greyish, 
and shining, while the agar beneath them becomes 
stained brownish. The growth increases and the 
colonies coalesce, forming a brownish, wrinkled, mem¬ 
branous expansion, sticking firmly to the agar and 




PLATE XX 


tt. Artitiomycoitis fuwitnis. Soction of liver nhowiflu a 
invielml tiros*. Unini. x tixi. 


Actinomyeosishomimt. S. ction shovvineiiringo 
dubs, (Jmni. x 350. Sitim; material sis « 
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difficult to remove or break up, while the ngur becomes 
stained brown throughout; later on tlio ‘membranous 
growth may become dappled with yellow as though 
powdered with flowers of sulphur, but occiisionully 
remains whitish. In gelatin little spherical feathery 
tufts develop, and sink to the bottom as liquefaction 
progresses. On potato a remarkable 
growth develops; at first brownish, it 
afterwards becomes almost black, ami 
is very thick or heaped up with a 
much wrinkled surface, while later 
on it has the appearance of being 
sprinkled with flowers of sulphur 
(Fig. 49). In broth delicate woolly 
flocculi form. Films from vonng agar 
cultures show masses of tangled fila¬ 
ments, which appear to be more or 
less branched, and stain well with the 
ordinary anilin dyes and by (Irani s 
method; with the latter the filaments 
often appear somewhat beaded, but 
no trace of rosette formation or even 
of clubs is ever found in cultures 
(Fig. 50). In pus, especially human, 
the filaments can sometimes be seen 
if stained by Gram’s method with 
orange-rubin. Inoculated into the 
peritoneal cavity of rabbits and guinea- 
pigs the cultivated organism reproduces the disease, 
numerous antinomycotie nodules forming in the perito¬ 
neum and elsewhere. There is much doubt as to the mode 
of spread of, and the infection of man with, the disease. 
It does not seem to be particularly contagious, and 
diseased and healthy animals are often placed together 
without bad result; it can, however, be conveyed by 



Km. HI. Actino- 
inyccH Potato eul- 
tun*, threw month* 
old. 
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direct inoculation, for calves inoculated intra-peritoneal ly 
with portions of diseased tissues die after some weohs 
or months, with an abundant development of actino¬ 
mycotic nodules, as shown by the experiments of Jono 
and Ponfick. Crookshank also infected a calf with the 
material from a human case. Feeding experiments 
give negative results. The view generally held is that 
the organism oceurs on cereals, straw, or roots, and 



i'lG. SO.—Actinomyces. Covor-glass preparation. 

Gram, x 750. 

gains access to the system through slight scratches or 
wounds in the mucous membrane of the mouth, pharynx, 
or larynx. In man no source of infection has been 
traced, though cases have been reported where the 
disease has occurred after eating grains of barloy, etc. 
The disease is met with not only in cattle, but also in 
horses and swine. In the last-named animals con¬ 
siderable calcification may be present in tiie nodules, 
and it may be necessary to decalcify with dilute nitric 
or hydrochloric acid before the rosettes can be stained. 




Actinomycosis -Id! 

It is important to noto that tuberculin may cause 
a reaction in actinomycosis, similar to ’ that which 
occurs in tuberculosis, ami as the actinomycotic lesions 
are very like those which arc found in the latter 
disease, mistakes may easily be made, and can only bo 
avoided by a microscopical examination. It is of con¬ 
siderable practical importance to distinguish actino¬ 
mycosis from tuberculosis, for in many cases of the 
former, both in man and in animals, iodide of potassium 
exerts a specific curative action. 

By some several species of Actinomyces arc ls*lievod to 
exist, but Homer Wright 1 considers that but one species of 
micro-organism is the aetiological agent, both in mu a and 
animals, the A. bovia. 

“Farcin des boeufs,” a disease of cuttle occurring in 
Guadeloupe, and characterised by infection first of the skin 
and afterwards of the lymphatic glands and viscera, is due to 
the 8. Nocardii. 


Clinical Examination. 

* 1. Pour out the pus or discharge into a large capsule or 

Petri dish so that it forms a thin layer, look for any yellowish 
or other granules, pick them out with a needle, and place on 
a clean slide in a drop of 50 percent, glycerin. If no granules 
can be found a little of the discharge may Is- spread on a 
slide with a drop of 50 per cent, glycerin. Clover with 
a cover-glass, and apply a little pressure. Examine with a 
S-ih. objective. If any actinomycotic tufts are present they 
will be seen as veUowish or pule brownish, spheroidal, ovoid, 
or renifonn masses, and with a £-in. objective will l« found 
to have a radiating structure from the presence of the clubs. 

2. Stain cover-glass specimens of the discharge, by Gram s 
method, with eosin. The actinomycotic tufts will generally 
be found to consist of little masses of tangled filaments stained 

dl 


1 Journ. Med. Retearch, lUOo. 
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violet and ourrounded by a pink zone which baa an iudiatiuct 
radiating structure. 

N.B.—In moat instances the clubs in Actinomycosis 
hominis do not stain by Gram’s method. The reverse is the 
case in Actinomycosis bovis. 

3. Sections of actinomycotic tissue are best prepared by the 
paraffin method. If frozen, the actinomycotic nodules are 
very apt to fall out. Sections may be stained by any of the 
following ways: 

(а) By Gram's method, with eosiu or orange-rubin. 

(б) With the Elirlich-Biondi triple stain. Stain for from 
half an hour to two hours. Place in methylated spirit uutil 
the sections appear greenish, then pass through absolute 
alcohol and xylol. The clubs are stained yellowish-brown, 
and are sometimes shown in human cases when unstained by 
Gram’s method. 

(c) By Plaut’s method. Stain in warm carbol-fuclisiu for 
ten minutes, rinse well in water, Btain in a saturated solution 
of picric acid in methyluted spirit for five to ten minutes, 
rinse well in wuter, place in 50 per cent, alcohol for ten 
minutes, puss through absolute alcohol and xylol. 

(d) Good preparations may be obtained by staining in 
Ehrlich's lnematoxylin and counter-staining with oranga 
rubin. This may also show the clubs when they are unstained 
by Gram’s method. 

Madura Disease or Mycetoma. 

Madura disease, otherwise known as madura foot, mycetoma, 
or the u fungus disease of India,” is a chronic locaX affection 
generally attacking the foot, occasionally the hand, some¬ 
times extending up the leg, but rarely to the trunk. The 
disease occurs in certain districts in India, and full descrip¬ 
tions of it have been given by Vandyke Carter and by Lewis 
and Cunningham. A “ madura ” foot appears enlarged, and 
numerous sinuses with raised mammilated apertures ojen on 
the surface (Fig. 51). On making a section into the diseased 
tissues the bones are found to be more or less carious, while 
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the soft structures are tough and hypertrophied from the 
occurrence of clirouic inflammatory changes! Numerous 
small cavities are present, sometimes filled by yelibwish 
granules resembling fisli-roe, and hence termed “roe-like 
particles," at others containing black particles of irregular 
shape, coal-like consistence, and variable size, exceptionally as 
large as a marble or walnut. The presence of the white or 
black granules, which may Ijc discharged from the sinuses 
before mentioned, divides the disease into two classes---the 
so-called white and black varieties, lawis and Cunningham 



Fla. 51. —A foot affected with nmilura disease. (White variety.) 

have also described a third variety, in which the granule* are 
red like cayenne pepper. 

Vandyke Carter* first called attention to the similarity 
between the white variety and actinomycosis in their micro¬ 
scopical characters. In sections stained by Grams method 
more or less crescentic or reniform Isslies arc noticeable, 
divided into wedge-shaped areas, which contain masses of tine 
filaments stained purple. Surrounding the crescentic bodies 
is a zone of radially arranged elements, many of which are 
fan-shaped owing to branching; they are indistinct, as they 
do not stain with the gentian violet, but they are very sug- 

‘ Bombay Mod. and Phyt. Boc.. vol. ix, 1880 mew series), p. 80. Also 
Hewlett, Tran*. Path. Boc. Bond., vol. xlii, 1803. 
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gestive of the club-shaped structures present in actinomy¬ 
cosis, and thdy resemble the Actinomycoaia hominia inasmuch 
as they do not stain by Gram’s method (Plate XVIII., b). 
By staining with heematoxylin and orange rubiu, or with the 
Ehrlicli-Bioudi triple stain, here and there in the radial zone 
well-defined clubs can be demonstrated. It seems, therefore, 
that the radial /.one is composed of degenerate club-shaped 
structures, and the disease evidently closely resembles 
actinomycosis, but seems to be due to a different species of 
streptothrix. 

From a case of the white variety Boyce 1 cultivated a strepto¬ 
thrix which differed somewhat from the Actiuomvces, as it 
grew slower, produced no pigment, and on agar formed white 
raised colonies with radial grooves, not unlike the tiny 
barnacles found on wooden piles in the sea. Vincent 2 also 
isolated a streptothrix, perhaps identical with that of Boyce, 
which differed from the Actinomyces in growing feebly in 
broth, in not liquefying gelatin, and in not being inoculable 
in the rabbit. He describes it as forming on glycerin agar 
umbilicated colonies, first white and afterwards red. Sliattock* 
suggests that the red, cayeune-pepper-like grains occasionally 
met with in mycetoma may be due to colonies of the strepto¬ 
thrix which have produced their pigment. Microscopically, 
this organism ( Streptothrix mad aw) is identical with the 
Actinomyces. Musgrave and Clegg in a case of the white 
variety isolated a streptothrix ( S./reeri ) differing from the 
8. •nuidurn■, but identical with the 8. Eppinyeri. 

The relation of the black to the white variety of madurn 
disease has been somewhat debated. Kanthack 1 described the 
blpck variety as being probably a late stage of the white. It 
seems, however, that the co-existence of the two conditions in 
the same specimen is very rare, and Boyce and Surveyor, 3 
after a critical examination of a large number of specimens, 

1 Hygienische Rundschau, 1MM, No. 12. 

1 -Ann. de l’Inst. Pasteur, 1893. 

1 Trane. Path. 8oe. Land., vol. xlix, 1898, p. 294. 

4 Joum. Path, and Bact., 1892. 

4 Proc. Boy. Soc. Lon «!., 1893, and Phil. Trana. Roy. 8oc. Land. 
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oftiria to the conclusion that the black variety is a distinct 
disease, and due to an organism belonging to the group of the 
higher fungi, the black particles or masses being the liquified 
mycelium or “ sclerotiuin ” such as is met with in ergot. 

By planting out the granules from an early caw* of the 
black variety Wright succeeded in cultivating u hyplio- 
mycete. 1 It formed long branching hyplite, but no sjM*re- 
beoring organs were produced, and inoculation experiments 
on animals were negative. It grew on potato as a dense, 
widely spreading, coherent, velvety membrane, in colour pale 
brown with white periphery. Small drops of brown, coffee- 
coloured fluid appeared on the surface, and the potato Isvaino 
brown throughout. On agar the growth formed a mesh work 
of widely spreading greyish filaments; in old cultures (also 
in potato infusion) black bard granules, or “ sclerotia, 
were observed. In broth little balls of radiating filaments 

developed. . 

Brumpt has distinguished no less than eight varieties of 

mycetoma. . 

It would seem that there are probably sevenil conditions. 
lx»th in actinomycosis and in mycetoma, having a gonci.il 
resemblance but differing slightly, and dependent »!«••• 
different species of streptothrix. 


Mycosis tonsillaris (Mycosis pharyngis leptothrida). 

A chronic disease attacking young adults, resistant to treat¬ 
ment, and characterised by the presence of small, white .mug ». 
adherent excrescences on the mucous membrane of th* p 
Microscopically, the patches consist of collections o i pi " 1,1 
cells and infiltrated with leptotlinx I. aments a d 

bacteria. The disease, however, seems h a r«i 
fection with the organisms lieing secondary. 

But occasionally a true “ mycosis ’ apparent h * 

readily amenable to treatment, and due to a leptotlmx.- 


1 Joum. Erp. Med., vol. iii, 1K»». P + - K 
* 8m Olaagow Medical Journal, No. i, 
Kelly). 


l«u«. p M ft **'! 


(llmvn 
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Leptothrix buccalis. 

Fo*r Boraewhat aimilar thread forms occur in .the mouth, 
viz. Leptothrix racemosa, L. buccalis maxima, L. innominata, 
and Bacillus maximus buccalis. The first is very common, 
forms large threads, shows a peculiar beaded appearance on 
staining which has been regarded as sporulation, and may be 
a fungus form. L. buccalis maxima and L. innominata differ 
from each other in that the former gives a blue granulose 
reaction when treated with iodine and dilute sulphuric 
acid, while the latter does not. All these three organisms 
are very similar, and the filaments are either unsegmented, or 
the segments are of considerable length. The B. maximus 
buccalis is very like the L. buccalis maxima, but does not give 
the granulose reaction, and its segments are shorter. It is 
motile, flagellated, and sporing, and stains by Gram’s method. 

Some confusion exists respecting the thread forms of the 
mouth . 1 


Cladothrix dichotoma. 

An organism not unfrequently met with in natural waters. 
It forms long threads, straight, or sometimes slightly 
undulating, or even spiral and apparently branched, though 
the branching is not dichotomous. It can be cultivated on 
the ordinary laboratory media at room temperature, forming 
on agar a brownish, wrinkled, tough, membranous layer, very 
adherent, and staining the medium beneath it a pale brown, 
not unlike the Actinomyces in these respects. It is non- 
pathogenic. 

1 See Qoadby, Mycology of the Mouth. 
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CHAPTER XVI. 


TITK HLASTOMYCKTKH. 

Tho Pathogenic Hlnatomycctcs—Sporotrichosis— Thrush—Siuvlww. 
inywtea and Torulic—Voiwts mid K<Tiiit*ntiitioii. 

Pathogenic Blastomycetes . 1 

The Blastomycetes, or yeasts, are distinguished the 

bacteria by their inode of reproduction. Whereas in the 
bacteria reproduction is by fission or simple division, in 
the Blastomycetes it is by gemmation or budding. If a cell 
of ordinary brewer’s yeast be watched under conditions 
favourable to growth and reproduction, it will lie found that 
a slight protuberance makes its apjiearanee at one jsde of the 
organism ; this increases in size, and ultimately a daughter- 
cell resembling the parent, is reproduced and separates off. 

In mme of the yeasts there is also a method of repro¬ 
duction by emlospore formation, and according as this occurs 
or not the Blastomycetes are divided into two groups: 

/ 1. Saceharoniycetes, or true yeasts, in 
which s]>ore formation occurs. 

Blastomycetes - g Torulie in w ],i c h no spore formation 

1 has been observed. 

Although the term “toruhv” has thus a definite significa¬ 
tion, it. is often loosely used to denote any yeast-cell. 

There are also a few organisms composed of yeast- lih 
cells and with multiple spores, but multiplying by fission and 
termed Sch izotacrharoMycea. 

• See Le Count and Myers, Jonrn. >,( l^cliova v "‘ ,V * 1W ‘ 7 ’ 

P. 187. 
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In addition to reproduction by gemmation, the Blastomy- 
cetes are also distinguished from the Bacteria by their larger 
size, a&d in those forms in which endospores occur by the 
spores being multiple and not single in each cell. From the 
Hyphomycetes, or moulds, the Blastomycetes are distinguished 
by being unicellular, and by the reproduction being asexual. 
The Blastomycetes, however, are probably much more nearly 
allied to the Hyphomycetes than are the bacteria, for many of 
the moulds have a stage in which the mycelium (see next 
chapter) resembles an aggregation of yeast-cells, and the 
yeasts in old cultures form films in which the cells become 
much elongated, like those in the mycelium of a mould. 
Jorgenson and others have attempted to show that some of 
the yeasts are stages in the development of a fungus, but it 
cannot be said that this has yet been satisfactorily demon¬ 
strated. Organisms of yeast-like form, not sporing, but 
tending to form a mycelium under certain conditions, have 
been included in a group termed the Fungi imperfecti, a. </. 
torulee and thrush. 

Organisms apparently bolonging to the Blastomycetes 
have been isolated from certain tumours, and have 
been regarded as having an setiologieal significance in 
connection with malignant disease. Sanfelice cultivated 
yeast forms from fermenting fruits, which, on inocula¬ 
tion into guinea-pigs, produced death in about a month 
with the formation of a tumour at the seat of inoculation 
and embolic growths in the spleen and liver. He also 
obtained a similar yeast from an ox affected with 
carcinoma, which on subcutaneous inoculation killed 
guinea-pigs in about two months, and inoculated into 
the peritonoum in a month, with multiple embolic 
growths in the lungs, spleen, and mesenteric glands. 
A good deal of calcification was present in the growths, 
from which fact Sanfelice named this yeast Saccliaro- 
mycen litogenea. Rabi no witch and also Foulerton 1 have 
1 Jouni. Path, and Baet., vol. vi, 1890, p. 37. 
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found that some of the ordinary y ('fists ffivo rise to 
tumour formation on inoculation, especially in tlie 
rabbit. These tumours produced by veustsare prebahlv 
granulomata and not true malignant tumours. 

Curtis 1 obtained a yeast from an apparently mvxo- 
‘ matous tumour in a young man. The organism was 
met with in two forms—free and encapsuled. The free 
form appeared in young agar enltures as round or 
ovoid cells measuring 3 to (5 ,i in diameter, often 
showing budding. The encapsuled form was met with 
in the original tumour and in the tissues of iuoeulated 
animals, and occurred ns a large sphere Hi to 'JO in 
diameter, enclosing the yeast cell, the capsule being 
hyaline and 4 to 6 fi in thickness. On agar at 37° C. 
it formed whitish, opaque, creamy colonies in two 
to three days, becoming a thick creamy growth at the 
end of a week. On gelatin it formed white colonies or 
growth in four to five days without liquefaction, and in 
broth a flocculent deposit, the broth remaining clear. 
It was aerobic, did not grow on scrum, ami formed a 
small quantity of acetic acid ami alcohol when grown 
in beerwort and sugar solutions. It was not pathogenic 
for guinea-pigs, but inoculated into rabbits, nits, mice, 
and dogs it produced tumours and mused death. The 
tumours to the naked eye appeared to be myxo-sarcomata, 
and in them the yeasts were found, 

Busse also obtained a pathogenic yeast from a young 
woman who suffered from a tumour of the tihiu, and 
ultimately died with diffused growths in the bones and 
organs. The yeast-like cells were observed in the 
affected parts, and were isolated by cultivation, and 
the cultures, inoculated into mice and rabbits, produced 
death with growths in the organs. As in Curtis’s caw*, 
the cells in the tissues appeared to be eiicapsnlcd. 

• Ann. dt Vlmt. Puteur, x, 1KIW, J>. 140 < 
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Gilchrist described a case of blastomycetic dermatitis. 
Small miliaty abscesses were present in the rete and 
coriutn, in the pus of which the parasitic cells were 
observed. These were usually in pairs of unequal size, 
the largest measuring about 16/i, surrounded by a well- 
defined capsule, and containing a granular protoplasm 
in which a vacuole was present. Clinically, the case 
had been regarded as one of scrofuloderma, but no 
tubercle bacilli could be found. 

Numerous cases of blastomycetic dermatitis have now 
been recognised, and several instances of general 
systemic blastomycetic infection have been recorded. 

Granulomatous tumours occurring in epidemics among 
horses in Japan, France, and Italy are also caused by 
Blastomycetes. 


Sporotrichosis . 1 

A rare disease clinically resembling syphilis or 
tuberculosis, chaiacterised by indurated granulomata 
like gummata, which subsequently break down, suppu¬ 
rate and ulcerate. Potassium iodide has a curative 
action on the condition. 

In the pus of the lesions large ovoid retractile bodies 
suggestive of yeasts or of large spores may be detected, 
but no mycelium. 

Cultures nre best obtained on maltose agar (p. 50o) 
from non-ulcerated lesions; agar and potato may also 
yield growths. The organism (Sporotriclnm Beurmanni) 
grows as small raised woolly colonies, at first white, 
afterwards becoming brown. The growths consist of 
a felted mycelium of filaments with spores and yeast¬ 
like cells. It produces granulomata in inoculated mice. 

1 See Walker and Ritchie, Brit. Med. Jour a. 191], vol. ii, p. 1 
(Bibliog.). 
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The botanical position of the organism is uncertain ; 
by some it is regarded os a true fungus.* It is stated 
to occur on decaying vegetable matter and to bo the 
cause of epizootic lymphangitis in the horse—a disease 
having a superficial resemblance to farcy- -in the pus 
of which oat-shaped bodies are found, the “ crypto- 
coccus ” of Bivolta. 

Clinical Examination (Pathogenic Yeasts, etc.). 

The cells can be well seen in tlie fresh state in the leasod-up 
tissues mounted in water or glycerin. 

Curtis recommends staining in earbol-thioniue blue, and 
for sections, picro-carmiue. 

Busse’s method for sections is as follows: 

1. Heematoxvliu solution for fifteen minutes. 

2. Wash in distilled water. 

8. Counter-stain in weak carbol-fuchsin (1 : 20) for thirty 
minutes to twentv-four hours. 

. 4. Decolorise in 9S per cent, alcohol for fifteen seconds to 

one minute. 

5. Absolute alcohol, xylol, mount in Canada balsam. 

Gilchrist recommends treating the sections witli 10 per 
cent, caustic potash solution and examining in ■>(> per is nt. 

glycerin without staining- ,. 

Brayton recommends that small pieces of the tissues should 
be excised from the growing margin, treat id with ether for 
two to five minutes, macerated in 20 to 30 |**r rent. caustic 
potash solution for five to ten minutes, and then exaimnid 
without staining. Cultures may Is* readily obtained, with a 
little care, preferably on beer-wort gelatin or maltose agar. 


Thrush. 

Thrush is due to an organism (Oidium or Momlta 
albicans) which is usually classed nmong the Hjpho- 
mycetes. It forms the whitish patches so frequently 
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seen on tlie mucous membrane of the mouth and 
pharynx in children and in those suffering from 
wasting diseases but a general infection has occasion¬ 
ally been produced by it. Zf one of these patches is 
removed and teased up, it will be found to consist of 
massed of tangled mycelial threads with yeast-like 
budding. The organism can be readily cultivated on 
all the ordinary laboratory media, and will also grow 
on slightly acid media such as wort gelatin. It pro¬ 
duces whitish, membranous, adherent growths, in which 
it appears morphologically under two forms : —as masses 
of tangled filaments or hypliac and as yeast-like cells. 
On acid media the latter exclusively occur, on alkaline 
the former predominate. It liquefies gelatin, stains by 
Gram’s method, produces an alkaline reaction by the 
formation of ammonium carbonate, and does not ferment 
lactose. Inoculated on to a damaged mucous mombrane 
the “thrush” patches appear, subcutaneously it pro¬ 
duces an abscess, and injected into the peritoneum a* 
general infection, followed by death and accompanied 
by a sero-purulent peritonitis. 

Clinical examination .—The patches may be teased up and 
examined in the manner described for the Hyphoinycetes 
(p. 502). Cover-glass preparations may be stained with 
carbol-fuchsin or by Gram's method. 

Fermentation. 

The yeasts are of great importance in inducing' many 
chemical changes, especially alcoholic fermentation, beer and 
wine being almost exclusively due to their activity. 

Taking brewer's yeast, Saccharomycea cerevimee, as a type, 
the yeast cell is observed to be slightly ovoid in shape, 
measuring 8 to 9 /t in diameter. The protoplasm is granular, 
contains one or more clear spaces or vacuoles, frequently 
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bright, retractile globules of fatty matter, ami is surrounded 
by a cell wall of cellulose. It lias beeu repeatedly stated 
that a nucleus is present, but this is doubtful. Wlgm the 
yeast-cell is freely supplied with nutriment, reproduction by 
gemmation proceeds rapidly, and a whole string of cells uuiy 
form owing to the daughter-cells building again before they 
have separated from the parent. When the cell is star veil, 
gemmation ceases, fat-globules and vacuoles increase in 
number,and the cell may finally liecome little more than a 
large vacuole, the protoplasm forming a thin coating over the 
inside of tlie'cell wall. Within the vacuoles are often seen 
minute spherical bodies of a doubtful nature in rapid move¬ 
ment. In ordinary circumstances emlospore formation doe* 
not occur, but by deprivation of nutriment, as by growing on 
a block of plaster-of-Paris, the cells develop spores, hirst 
the cell becomes divided by the development of iiieiiibranes, 
the so-called “partition-wall formation," into several chandlers 
in which the spores form. In the different yeasts the 
number and arrangement of the spores vary : in the <V. ccr«- 
oiaiw the typical number is four, arranged close together, 
three on one plane and one resting on these, like a pyramid 
of billiard balls. 

The spores are of considerable importance in the identifica¬ 
tion of species of Blastomycetes, as the form of the cells alone 
and the growths on culture media are not sufficiently dis¬ 
tinctive. In fact so little can these two characters Is- relied 
upon that in order to isolate in pure cultivation it is necessary 
to grow from a single cell. This can Is; done by making 
a miniature plate cultivation with wort-gelutin on a largu 
sterilised cover glass, and, after the layer of gelatin has set, 
mounting, gelatin downwards, on a large cell on a gloss slide, 
the cover-glass should be divided into small squares by cross- 
lines etched on the glass and numliered. lhe preparation is 
carefully examined with a ’ or * inch objective, ami the 
positions of single isolated cells an; noted. Ihw is n«»t a 
difficult matter on account of the comparatively. ar^e size o 
the yeast-cells, and their position is determined by the 
numbered squares on the cover-glass. The preparation, are 
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kept in a moist chamber in a warm place, and when visible 
colonies have developed, those which are derived from a single 
cell c^x be inoculated into tubes or flasks of a suitable 
culture medium. 

It is found that the various yeasts form spores in different 
periods of time when grown under similar conditions, and on 
this fact is based what is known as the analysis of yeast—a 
most valuable method, which we owe to Hansen. The chief 
“ diseases ” of beers and yeast—i.e. abnormal fermentations 
giving rise to inferior products—are due to admixture of 
certain “ wild yeasts,” as they are termed, with the brewer’s 
yeast, chiefly the S. eUiyaoideus and S. pastorianus ; and, in 
order to detect these “ disease ” species, the analysis consists 
in determining at what time ascospores appear. The mode 
of procedure is as follows: 

The yeast is sown in a flask of sterile wort, and incubated 
at 25 C. for twenty-four hours. The yeast revives, and from 
the deposit of young cells two cultures are made on plaster- 
of-Paris blocks. These cultures are kept, one at 25° C., the 
other at 15° C., and are examined twice daily. In an un¬ 
contaminated brewing yeast OBcospores should not be detected 
in less than thirty hours in the culture kept at 25° C., and 
seventy-two hours in that kept at 15° C. The plaster-of- 
Paris blocks are sterilised by careful flaming in the Bunsen, 
and are then placed in sterile glass capsules with lids, con. 
taining sufficient sterilised water thoroughly to moisten the 
whole of the blocks j unless this is done no growth occurs. 
By this method of analysis as little " wild yeast ” as one 
two-hundredth of the whole can be detected. 

Besides the distinct species of yeasts, there are also a 
number of varieties employed in brewing, etc., differing but. 
slightly in morphological and cultural characters, yet giving 
rise to varied products. These varieties may be divided into 
, two groups—the surface, high or top, and the sedimentaiy, 
low or bottom, fermentation forms. In this country beer is • 
brewed by fermenting an infusion of malt ("wort”) with 
yeast, which, during fermentation, rises to the surface, and 
belongs to the first group ; while the German beers are 
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obtained by yeast, which sink* to the bottom, aiul Mongs to 
the second group. The floating of the yea* in the high 
fermentation process seems to be due to the attachment of 
minute bubbles of carbonic acid gas to the cells, and it hue 
not yet been possible to convert the one form into the other. 

Characters of some of the more imjunta at yeasts. — 
Hansen divided the important yeasts into groups having 
the same general characters, and distinguishes the varieties in 
each by Roman numerals (I., II., etc.) 

Cbbbvisias Group. —These are the mists producing the 
normal fermentations resulting in lieer, etc. They ait* round 
or slightly ovoid cells, uud four aseospores an* produced. In 
old cultures long sausage-shaped or even filamentous cells 
may lie met with. 

8. cerevisue I. ami II. —These aru liottoiii ferment at ion 
forms in use at the Old Carlslierg Brewery ; the cells of 
No. II. are rounder and slightly larger than those of No. I, 
and ascospore formation is more abundant. 

There is also a top fermentation form descrilied by Hansen 
(8. cerevisitr I. top), which is the yeast, employed in the 
breweries of London and Edinburgh. 

The yeasts of the cereoisint group can invert cane sugar, 
select dextrose from hcvulose, and ferment maltose, but they 
cannot ferment lactose, nor decompose malto-dextriii. 

.Pastobianum Gboup. —These are wild yeasts. The cells 
are elougated or sausage-shaped, and six or eight ascos|H»res 
are produced in a cell. 

8. pastorianus I .—A bottom fermentation yeast producing 
a bitter taste in beer. 

8. pastorianus II .—A feeble top fermentation form, Surface 
cultures on yeast-water gelatin have smooth edges, which dis- 
guishes it from the taext species: 

8. pastorianue III .—A top fermentation form producing 
turbidity in beer. Surface cultures on yeast-water gelatin 
have woolly margins. 

Ellipsoideus Gboup. —These are wild yeasts. The cells 
are usually ovoid or pear-shaped, sometimes round, rarely 
elongated. 
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Five or six ascospores are produced in a cell. 

8. ellipaoidt/ha I. —A bottom fermentation yeast occurring 
on ripo grapes. 

8. ellipaoideus II. —A bottom fermentation yeast causing 
turbidity in beer. 

Both the pastorianua and ellipaoideus groups resemble the 
cereviaite group in their chemical actions, but they are able in 
additiou to decompose malto-dextrin. 

8. unomalua is u yeast forming small ovoid cells. It is 
curious in that the spores are hemispheres with a projecting 
rim at the base like a bowler hat. 

Another point in the identification of species of yeasts is 
the period of foi'matiou of films. If the yeast is grown in 
wort with free access of air and is undisturbed, e. <j. in a 
beaker capped with filter-paper, after a varying period a 
film composed of a zoogluca mass of cells appeurs on the 
surface. 

If yeast, or disintegrated yeast-cells, be injected into 
animals, the blood acquires specific agglutinative properties, 
agglutinating the yeast-cells of the species with which the 
inoculation has been carried out.' 

On the yeasts of fermentation, see Jorgensen, Micro¬ 
organisms and Fermentation, 4th ed., 1911 (C. Griffin & Co.), 
(full bibliog.) ; Klticker, Fermentation Organisms. 

Examination of Yeasts. 

The yeasts can bo readily examined in the fresh state in 
hanging-drop preparations. The cells should be young or 
they will not be of the typical form ; a two or three days old 
culture in wort or grape-sugar solution may be used. The 
yeasts grow well at 20°-30° C. on the ordinary gelatin, agar, 
and potato, but wort gelatin or agar is to be preferred. The 
elongated cells, common to all old cultures of yeasts, may be 
obtained from the filniB which form on wort cultures in wide 
flaskB or beakers after two or three weeks. 

1 See Muofadyen, Centr.f. Bakt. (1“ Abt), xxx, 1901, p. 368. 
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In order to stain yeasts, a dilution of the culture should W* 
made in a watch-glass of water, so that the cells may lie 
isolated, as they lieeome distorted if groups form in the 
preparations. 

If the yeast lias been grown in wort, it is liest, Itefore 
staining, to pour off the fluid from the deposit of cells at the 
bottom of the flask or test-tube, add some physiological salt 
solution and shake, then allow the vessel to stand for an hour 
for the cells to sediment, and the process of washing may Is* 
repeated once. Films may be prepared in the ordinary way 
and stained for five minutes in Ldfller's inethylene him*, 
washed in water, dried, and mounted. Or the films, after 
air-drying, may be fixed by immersion in equal jsirts of 
alcohol and ether for ten minutes, dried in the air, and stainis! 
as before. The preparations can also In* stained in gentian 
violet or fuchsin, or by Gram's method. 

AscosporeB may be double stained by preparing films of a 
sporing culture in the ordinary way. staining with earlsd- 
fuchsin for two minutes, rinsing in water, decolorising in 
alcohol for half to one minute or longer if necessary, rinsing 
in water, counter-staining with Loftier s blue for five minutes, 
washing, drying, and mounting. The spores are red, tin- 
remainder of the cells blue. 


32 
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CHAPTER XVII. 

THE HYPHOMYCETES-AHPEHOILI.OSJB-RINGWORM. 

The Hyphomycetes. 

The Hyphomycetes are an important group of the true 
fungi, and include those forms which are commonly known as 
mouldB. They are multicellular individuals, composed of 
filaments which may be simple or branched, jointed or 
unjointed. These filaments are termed liyphse, and are 
formed by the end-to-end union of elongated cells. When 
the hypheB project upwards into the air they are known as 
aerial hypliae, and when downwards into the fluid or medium 
on which the organism is growing as submerged hyphse, and 
the compact tufts or masses resulting from interlacing hyphse 
are termed mycelia. A mycelium may form a hard lignified 
mass or pseudo-parenchyma, which is known as a sclerotium, 
such as is met with in ergot and in the black variety of 
mycetoma. In addition to being multicellular, the higher 
development of the Hyphomycetes is seen in the specialisation 
of certain parts for the function of reproduction. Although 
all the species multiply asexually, in most, if not in all, a 
sexual method occurs also. Mucor mucedo, Penidllinm 
glavcum, and Aapergillvn niger may be taken as types and 
more fully described. 


Mucor mucedo. 

Mucor mucedo, the common white mould which appears like 
tufts of cotton-wool on various substances, may be obtained 
by exposing some moistened bread or horse-dung to the air 
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for a abort time, and then keeping it moist under n Udl-jar. 
It conaiats of a mycelium composed of hypha*. mid i^s fluffy 
appearance ia caused by aerial hvplia*. The aerial hyplm? an* 
at first of even diameter throughout, but later on their fn*e 
ends become swollen and ultimately form spherical Isslies, 
which become filled with spores and an* known as sporangia. 
In the early stage the whole organism forms but a single cell, 
the protoplasm of which is gnuiular and contains vacuoles 
and numerous small nuclei. As it grows, and the s|smuigia 
form, these become separated bv a septum from the hyplm*, 
and when it becomes older still the mytvlial hyplm* may Is* 
divided into elongated cells. The development of a sporangium 
takes place as follows: The distal end of an aerial hvplia 
swells, and immediately lieloxv the swollen part a division 
occurs in the protoplasm and a cellulose septum is formed, so 
that the swollen part is sejiarated off from the n*st of tin* 
hypha, forming the rudimentary sporangium. The sporangium 
continues to grow, and its protoplasm undergoes multiple 
fission into numerous ovoid masses, the spores, inch of 
which becomes surrounded with a cellulose capsule. The 
septum separating the sporangium from tlu* hypha projects 
upwards into the interior of the sporangium as a club-shaped 
knob known as the columella. When the sporangium is rijs* 
the slightest touch causes its wall to rupture, so liliemting 
the spores. When placed under favourable conditions the 
spore germinates, and the buds increase in length and ulti¬ 
mately form liyphee. 

Occasionally a process of conjugation occurs. Twondjacent 
liyphee send out lateral branches which come in contact, with 
one another, and a septum forms in inch, separating a small 
portion of protoplasm from the rest id the hyplm. Tim 
apposed walls of the two cells lieeouie absorlssl and the 
contents mingle. The mass of protoplasm so formed lnvomes 
surrounded with a thick cell-wall, giving rise to an inactive 
spore-like body known as a zygospore, which under favourable 
conditions develops like an ordinary spun*. 

Certain Mucora form appreciable amounts of alcohol. 
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* Penicillium glaucum. 

This torm h the bluish-green mouldy patches familiar to 
everyone. It is by far the commonest of all species, and 
may lie obtained from moist bread or jam or by exposing a 
gelatin plate to the air for tv short time. If the mouldy 
patch be rubbed a fine greenish dust comes away. This duBt 
consists of myriads of spores ; if a little of it be transferred 
with a moistened needle to a gelatin plate, or, better still, to a 
hanging-drop preparation, the growtli of the organism can be 
studied. After two or three days little white specks will lie 
observed, which microscopically are found to consist of tufts 
of delicate interlacing liyplioB; these, ltecoming interwoven, 
ultimately form a tough mycelium. The patches of growth 
are circular, and the hyplice will lie found to radiate from the 
centre. As the patch increases in size it changes in colour, 
liecoming bluish-green, though the margin for some time still 
remains white. From the upper surface of the mycelium 
delicate aerial hyphoe grow upwards, and from the under 
surface short submerged ones project downwards. 

The hyplun are composed of elongated cells arranged end 
to end, the cell-walls of which consist of cellulose enclosing 
a more or less vacuolated protoplasm containing several 
nuclei. 

The aerial hyplim are unbranched filaments, but as develop¬ 
ment proceeds the distal ends branch dichotomouslv, the 
branches remaining Bhort and nearly parallel to one another, 
so that a kind of brush is produced. The ultimate branches 
are known as sterigmata. The ends of the sterigmata become 
constricted so that little globular nniBses, the spores, are 
formed; this process is repeated until a chain of spores 
results, the. prosrimal one being the youngest. A spore when 
placed under favourable conditions germinates, a little bud 
appearing, elongating, and forming a hypha, just, as in Muenr. 

lirefeld, by sowing spores on moist bread, inverting the 
bread, and examining at intervals, observed a sexual method 
of reproduction in Penicillinm. Two sets of spiral cells 
develop on a thick hypha, they intertwine, their contents 
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probably mingle, and from the union or carpogouimn a 
like liypha develops, which becomes surrounded and enclosed 
by branching hyphie from tlie mother cell. IU further 
development and thickening of the cell-walls a Jderatium 
forms; it is a hard solid body, yellowish in colour, and 
resembles a grain of sand, the cur|>ogoniuni being at the 
centre. If placet in favourable conditions the sclerotia 
germinate after some time. Two ionus of hv | due a re pro- 
duceil, one thick, the other thin ; the l.itter Ivconie mueh 
twisted. The thick hyphtu become branched, and ultiinatclv 
a number of pear-shaped bodies are produced. The contents 
ol these bodies then become broken up and form spores: the 
Irodies are known as asei and the spores as ascos|iorcs From 
the ascosporus the ordinary mycelial form again develops , 1 


Aspergillus niger. 

Aspergillus (several varieties) is oeeasinii.illv met with: it 
van bo recognised by the rounded sporangia with radial 
markings which are supported on aerial livplm* given off from 
the mycelium. A process of sexual reproduction occurs very 
like the one observed in l > riiiril!iniii. .Isperr/i//«» iiiijrr grows 
well on the ordinary laboratory media, produc ng on ]sttuto » 
powdery, sooty growth after a time. 

With the exception of the mitrivoriii and allied 
fiingi, which produce parasitic skin affect ions, the 
Hyphomycctes are not of very great, pathological 
importance. In the ear and nose nuicors and aspergilli 
may be met with, but in these situations they are 
epiphytes rather than parasites, and the same species 
occur in bronchiectases and pulmonary volume. Occa¬ 
sionally, however, a piioninono-mycosis has been met 
with, the mycelium of the fungus rumilving in the 
lung tissue and setting up irritative and other changes. 

Pneumono-mvcosis ” or “ pulmonary aspergillosis is 
1 See Hrefuld, Qutn't. Journ. Murntru/i Hm , ml xv. |i. .ttS. 
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especially a trade disease among bird-rearers. Grain 
is taken into the mouth and the bird is fed with it, and 
in the ''course of this operation the mould spores aro 
inhaled. Tho course of the disease is much like 
chronic bronchitis or pulmonary tuberculosis. Tho 
species met with in this condition seems generally to 
have been tho Anjwryillud J'uviigntiin. 

Tho black variety of madura disease, as already 
stated (p. 484), is due to a fungus form. 

Cultivation and Examination. 

The IlyphomycotoH cun be cultivated on the ordinary 
laboratory media, but wort-agar, or wort-gelatin, potato, 
bread, or multoso ngur is to be preferred. 

They cun bo examined by removing a portion of the 
growth, teasing up gently with needles in a little 50 
per cent, alcohol containing a trace of ammonia, 
removing tho surplus Huid with blotting-paper, and 
mounting in Karrant’s solution or in glycerine jelly. 
If desired, they may bo stained by the irrigation 
method with fuchsin. 

In the tissues they may be stained with hieinutuxylin. 
or methylene blue, or by (Jram’s or by Weigert’s 
method. 


Ringworm. 

The ringworm fungi must probably be included in 
the group of the Hyphomycetes. Human ringworm, 
formerly regarded as a single disease, has been proved 
to comprise at least two affections through the 
researches of Sabouraud. These two forms are dis¬ 
tinguished from each other clinically and by differences 
in the parasitic organisms. 

i’he first variety is an affection of early childhood. 
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forming 80 to 90 per cent, of the ringworms met with 
in London; it never attacks the scalp of mlults, never 
affects the beard or nails, is very intractuljc, and 
frequently epidemic. The parasite is characterised by 
small x'ound or ovoid spores measuring 3 fi to 4 ft in 
diameter. Affected hairs are generally broken off, 
forming relatively long stumps, greyish in colour, and 
possessing a whitish sheath. When suitably prepared 



in potash this sheath is seen to be < ompox <1 d tl 
spores agglomerated together without .ippnr<n 1 » 

and tl./ hair, themselves arc filled «dh drhe. 

parallel mycelial thread, (Fig. Ml. The f«»g. 

named the Microaporon Attdotum. ... 

The second variety comprises the nngwonns with 
large spore,, and i, divided into two groups by 
Sabouraud. The first of these group. » £ 

human origin, and has a marked tem enc\ o - 
interior of the hair, only, and hence the orgamsm ha. 
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been termed the Trichophyton megalonporon endothrix. 
The other gnoup is of animal origin, and the spores are 
met ^ith chiefly on the outside of the hairs, and the 
fungus is hence termed the Trichophyton meyaloiqtoron 
ectothrix. 

The nidolhrix form occurs later in childhood, is not 
so persistent as the Microsporon, and does not attack 
the nails or beard. Microscopically, the fungus is seen 
to consist of beaded threads, which are rounded or 
ovoid spores arranged end to end. The c.ctothrix form 
rarely attacks the scalp, but is responsible for all the 
tinea sycosis and ringworm of the nails and half tins 
cases of tinea circinnta. Suppuration is common in 
this form. Microscopically appearances differ; gene¬ 
rally the spores a re arranged in chains, but the 
speculation is less regular than in the endothrix. The 
spores in the endothrix. and ectothrix varieties measure 
4/i to 12/i in diameter. 

'I’lie ringworm fungi can be readily cultivated on all 
the ordinary media—beer-wort agar and beer-wort 
gelatin being especially favourable. They form whitish 
Huffy growths with rapid liquefaction of gelatin. In 
order to obtain cultivations the diseased hairs or stumps 
are removed by forceps and placed on a sterile glass 
slide. The aerial portion of the hair is then cut away 
by means oT a sterile scalpel, and the diseased portion 
is divided into small fragments. These can be picked 
up with a moistened platinum needle and transferred 
to the culture media, preferably beer-wort agar. In 
some cases a pure culture is thus obtained, blit in 
others further treatment is necessary. When the 
Trichophyton or Microttporon lias thrown up its aerial 
liyplue the plug of wool is removed from the tube and 
the month well Hained ; the tube is then held inverted 
over a Petri dish containing solidified maltose agar. 
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A sharp tap or two is given to the tube, suHieiciit to 
cause the spores to drop, ami the dish is re-covered. A 
growth of the organism from single isolated ^jioies 
thus ensues, and pure cultures can lie obtained 
(Blaxall). 

The various forms of the ringworm fungi can he 
differentiated by cultures, lmt it is neccssan alien 
comparing them to employ media of identical com¬ 
position, because slight differences in the latter are 



liable to induce marked change" in the cliai.utii- <■( 
the cultures. A favourite medium, used h\ Sabouran.l 
and by lllaxall, is maltose agar : 

Peptone . Oogim. 

Maltose . . • . -1H gim. 

Agar-ngar . • .Id gun. 

Water . . .loti c.c. 

Blaxall found that different -ample" of maltose 
materially influenced the characters of the <n tines. 

Character* of the cultures.— Culture- are ineuhated ut 
SO* C. The colonies of the Mi<r<,» r or.m do not show 
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any growth until about the seventh day ; little white 
downy tufts then appear. The fully developed growth 
on maltose agar forms a large white downy patch with 
a small central boas; on potato, white downy patches 
appear with brown discoloration. 

The endothrix variety commences to grow in six or 
seven days, and on maltose agar in about a month 
forms a rounded patch with a central crateriform depres¬ 
sion, the whole being dusted with fine white powder 
(Fig. 53) ; on potato, powdery stars develop tinged 
with yellow and usually without discoloration of the 
medium. 

The cultures of the cctothrix form are variable. They 
commence on the third or fourth day ; some develop 
whitish, smooth, or wrinkled growths ; others, from the 
dog, form dry, brown, wrinkled, powdery growths; 
others, of bird origin..form purplish growths. 

Microscopically, alftlio fungi show masses of mycelial 
threads witli^gporos. They stain with the ordinary 
anil in dyes anjd also by Gram’s method, and can be 
mounted in glycerin jelly in the manner described at 
p. 502. 

Macfadyen found that the ringworm organism pro¬ 
duces an active peptouising enzyme, and seems to 
increase the solubility of keratin when grown on it; 
no inverting euzymo could be isolated. 

Clinical Examination. 

The hairs should be treated first with ether and then with 
caustic potash solution of about 7 per cent, strength. In this 
reagent they may remain for from a few hours to a few days; 
they are then floated on to a slide and carefully covered with 
a cover-glass. Permanent preparations may be mounted in 
Par rant's solution or in glycerine jelly. 
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Hairs, after treatment with ether, may l>c stained hv the 
following method: 

(1) Stain in onilin-geutian violet for one to two minutes, 
and blot. 

(2) Treat with Gram's iodine solution for one to two 
minutes, and blot. 

(3) Decolorise carefully (watching microscopically) with 
anilin oil containing 1 per cent, of hydrochloric acid. 

(4) Treat with anilin oil and then with anilin oil and 
xylol. 

(5) Clear in xylol, and mount in Canada balsam. 

Ekythkabma. —Due to infection with a fungus ( Mirm - 

gporon minntineimtint ), very difficult to cultivate, which 
occurs as extremely long, tine filaments. 

B’avtjh. —Favus is due to a fungus discovered by Schoenlcin 
in 1839 —the Achorion Sehwuleinii. It is seen as a mycelial 
growth with Bpores in the patches. The organism grows well 
on maltose agar, forming Huffy, woolly, moss-like colonies 
with radiating outgrowths, first grey and then yellowish. It 
occurs on mice and other animals. 

Dhouik itch.— Castellani lias isolated flirts* trichophyton- 
like organisms in this disease. 

Pityriasis alba. — In this disease (Julias " liotlle bacillus 
is invariably present. It occurs as large round or oval Isslies 
like yeast-cells, which may occasionally show building. 

Pityriasis verhicoi.or. - In the epidermal scales ol this 
skin affection a fungoid organism (Alirroujiorou furfur) is 
present. It occurs as short and thick curvetl hyplne lietween 
which are masses of large coarse spores. If has not U*en 
cultivated (or very rarely). 

Pimta.—A skin disease met with in South America. In 
the scales short mycelial filaments with large (8-12 /if spores 
are seen. Various organisms have l»een cultivated lsdonging 
to the genera Penieillium and Atjirrijilhi*. . 

Pikdra.—A disease of the hairs met with in South America. 
The nodosities on the hairs are composed of masses of very 
large retractile spores. 
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CHAPTER XVIII. 

THE l’liOTO/.OA . 1 


The U<-nrial Structure- of tin- Protozoa— Pathogenic Annular — 
Trypanosomata—iiuisimuiu-lJonu vain Jlody—Hpiruchaeltt!—Ooe- 
cidia— Malaria. 

The Protozoa are an important group of unicellular 
organisms, regarded as animal in nature, and sharply and 
definitely distinguished from the rest of the animal kingdom, 
to which the names of metazoa and onterozoa are applied. 
The latter consists of many cells, differentiated to perform 
different functions, and arranged in two layers—eudoderm 
and ectoderm- -around a central cavity, the enteron. 

“ It is true that some protozoa consist of aggregates of 
cells, and should therefore lie entitled to lie called multi¬ 
cellular; yet an examination of the details of structure of 
these cell-aggregates and of their life-history establishes the 
fact that the cohesion of the cells in these instances is not. an 
essential feature of the life of such multicellular protozoa, 
hut a secondary and non-essential arrangement. Like the 
budded ‘ persons ’ forming, when coherent to each other, 
undifferentiated ‘colonies’ among the polyps and corals, 
the coherent cells of a compound protozoon can he separated 
from one another and live independently ; their cohesion has 
no economic significance. Each cell is precisely the counter- 

1 See Ray Lankester’s Treatise on Zoology, Part I, first and second 
Fascicles, 1W(>7 and 1C09 ; Minchin in Clifford Allbutt’s System of 
Medicine, ed. 2, vol. ii, pt. ii; Hartog in Cambridge Natural History, 
vol. i. 
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part of its neighbour; there is no common life, »o distribu¬ 
tion of fuuction among special groups of the associated cells, 
and no corresponding differentiation of structure. .V a 
contrast to this, we find in the simplest entero/.oa that the 
eells are functionally and structurally distinguishable into 
two groups—those which line the enteroii or digestive cavitv. 
and those which form the outer laxly wall. The cells of 
these two layers are not interchangeable, but an> funda¬ 
mentally different in properties and structure" (|{.i\ 
Lanbester). It is true that in some instances there may lie a 
difficulty in deciding whether an organism is vegetable <n- 
animal, and Haeckel proposed to include all indeterminate 
unicellular organisms in a distinct kingdom, the Protista. 

The cytoplasm of a protozoon is commonly differentiated 
into an outer, clearer, denser layer or eetosan*. and an inner, 
granular, more fluid portion, the endosarc. The ectoplasm 
is sometimes naked, or may be covered with a cuticle, usually 
protein in nature. The cytoplasm contains a woll-mnrked 
nucleus, sometimes a secondary nucleus, and eeeasioiiallv 
subsidiary chromatin particles or chromidii*. A contractile 
vacuole, which is an excretory organ, is fre<jiioiill\ present. 

In most protozoa reproduction takes place by simple division 
or fission, and by a process of spore-formation: in others 
reproduction is exclusively by spores, which an* olten formed 
by a complicated process of development. In many of the 
protozoa a simple form of sexual reproduction bv conjugation 
occurs. Two dissimilar cells are produced, the larger 

comparable to female cells or ova and termed ,u<tcru<j<tu,. 
the smaller comparable to male elements or sjs-rnuitozoa and 
termed microgamete*. The cells from which the ganu t <in an 
derived are known ns goutrlori/tr*. Tin* gametes conjugal* 
and form a zygote, which usually divides into a mini * r * 
spores from which the adult is n*prodiiced. 

In certain cases sexually diffeientiated individuu s npr*« u<« 
by fission without conjugation: this phenomenon is lenm i 


partlienngeneaifi. 

Various classifications of the l*rotoz.>a h 
Butschli divides them into four classes: 


av4* Iss'ii suirgested. 
I. The Harked ina 
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(p. 510) ; II. The Mastigophora (p. 516) ; III. The Infusoria 
(p. 536) ; add IV. The Sporozoa (p. 588). 

Class I.—Sarkodina. 

There are Protozoa in which the cell protoplasm is naked, 
and locomotion and ingestion of food are performed by means 
of temporary protoplasmic processes or pseudopodia. 

The Sarkodina includes a number of forms of very vavied 
morphology and habits, such as the Amoebae, Heliozoa, 
Radiolaria, and Foramiuifera, the three latter groups being 
characterised by the presence of a siliceous or calcareous 
skeleton or shell. 


Pathogenic Amoebae . 1 

Three species of Amoebue seem to be parasitic in man, 
and the generic name of Entamoeba has been given to 
them. One, the E. buccalis, occurs in the mouth in 
dental caries, the other two inhabit the intestine. One 
of the latter, the Entamoeba roll (Amoeba colt, Loach), 
occurs in the upper part of the large intestine and 
appears to be harmless ; the other, the Entamoeba 
histolytica , is regarded as the cause of the amoebic or 
tropical dysentry. 

The Entamoeba histolytica is met with in the feeces in 
these cases, and also in the pus of the so-called tropical 
abscess of the liver. It is especially abundant in the 
mucoid material during the acute stage. The E. 
hidtolytica is a large protoplasmic moss measuring 
25 to 35 ft in diameter, possessed of slow amoeboid 
movement, and having a clearer outer zone or ectosarc 
and a granular endosarc. The pseudopodia are always 

* Councilman and Laflenr, John* Hopkin* Ho*p. Rep*., vol. ii, 1891; 
Sohaudinn, A.K. Oenindheitsamte, xix, p. 547; Strong, Musgrave, 
Clegg, Thomas and Woolley, Bureau of Oov. Laboratories, Manila, 
JBull*. 18 and 32. 
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blunt, never pointed (Fig. .VS). In the endosarc highly 
retractile granules occur, and it often contains blood- 
corpuscles and a vacuole (Fig. 54,5). A nucleus'can 
also be demonstrated, but being poor in chromatin, 
stains with difficulty (Fig. 54, a). According to Sclmu- 
dinn, the E. coli differs from the E. histolytica in that 
the ectoplasm is not distinctly seen except during the 
formation of a pseudopodium and the nucleus stains 
deeply. The development of the two forms is also 



Fig. 54. —Atntrba histolytica. (After Councilman nml Ufl-iir.) 


different. E. coli multiplies by simple binary fission, 
and also by multiple fission into eight small amu-b.c. 
Encystment may also occur, with repeated binary 
division of nucleus and protoplasm, part of tin mu i us 
being cast off, and ultimately the cyst contains c tg it 
nuclei around which the protoplasm collects, so that, it 
swallowed, eight small aimeba; are set free. 

The E. histolytica multiplies by binary fission, and 
also by irregular gemination, so that an me < ini < 
number of small amoebae is formed. nsti.n 
encystment, as in the E. coli, resistant spoil 
formed. The nucleus gives off chromidia, some « 
which, together with portions of the ectoplasm, are 
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extruded and become spores surrounded by tough 
capsules. Infection of a fresh host apparently occurs 
only with material containing these spores. 

The presonee of the amoeba in the pus, and especially 
in the wall, of tropical abscesses is of considerable 
diagnostic significance, and the parasite is considered 
to be the mtiological agent in amoebic or tropical 
dysentery (see “ Dysentery ”). The amoeba* are not 



Fio. 55.—Changes in form of an Amecha histolytica observed on a 
warm stage, and drawn at intervals of one minute. (Semi* 
diagrammatic by the writer.) 


usually observed in the abscess pus at the time of 
operation, but make their appearance in the discharge 
about the third day, i. c. when the wall of the abscess- 
cavity is contracting. In the true tropical abscess 
the ordinary pyogenic organisms are absent, unless a 
secondary infection has occurred, which is the exqeption. 
The abscess is usually single, and Rogers suggests that 
the amoebae reached the liver by adhesions between it 
and the bowel. The amoebfe may be cultivated on 
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ordinary or on water agar provided some bacterium is 
present at the same time, e. R t .,* M(U . rsl vibri|1 

etc. Material rich in ama-h.e may he smeared over 
agar plates, which arc grown at •J-V'-.-JO" C. for i %\c„t v- 
four to forty-eight hours, and are then examined will, 
a low power. At any spot where isolated uimehic 
are observed, with a little dexterity the or-muisii. 
may be lifted up with a line nee,lie and he transferred 
to a fresh plate, and by a repetition of the process 
pure cultures may be obtained. The eulth ate.l mm.due 
are pathogenic for monkeys, and induce abscess on 
inoculation into tlio liver. Mnsgru\e and Clegg 
(loc. cit.) are of opinion that all am,else are, or may 
become, pathogenic. 


Clinical Diagnosis. 

1. A drop of the dysenteric discharge (the mucous portions 
should l>e chosen from the stools), pus, or. lietter. a scraping 
from the wall of the abscess,diluted, if necessary, with a little 
warm (37° C.) physiological salt solution, is plaeed on a slide, 
covered with a cover-glass, and examined microscopically 
with a J- or ’-inch objective. The uiiiu'hu- will lie read de¬ 
recognised, and may lx* examined more critically with a 
inch oil-immersion. To lie certain that the bodies are amo , lne, 
the amoeboid movements must lie observed by keeping the 
preparation on a warm stage. 

The stools should Ik; fresh, miniixed with urine, collected 
in a warmed lied-pan, and kept at blood-he.it until cxaminisl. 
which should lx* done as soon as possible. 

2. The living anurbre in the stools may Is* stained by the 
irrigation method withaweak ( l-l |s*rceiit.) a<p icons solid ion 
of neutral red. Preparations may also Is- stained by irriga¬ 
tion with methylene-blue and Ueuic's carmine; the latter 
stains the nucleus, the former d<*-s not. The preparation 
may be rendered permanent bv washing away the exc,*ss 

33 
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of stain, and running in some 50 per cent, glycerin by irriga¬ 
tion. 

3. Probably Heidenhain’s iron-huematoxylin method is the 
best for staining this and other protozoa: 

(a) Make smears of the material and drop while wet into 
the fixative—two partB of saturated aqueous mercuric chloride 
solution, one part of alcohol, with a few drops of glacial 
acetic. They remain in this for ten minutes. 

(h) Wash in weak spirit and then in weak spirit coloured 
with iodine, and finally wash in distilled water. 

(r) Treat with 4 per cent, iron-alum solution for six to ten 
hours. 

(d) Stain in Heidcuhain's luenmtoxylin for at least six 
hours. 

(e) Differentiate in 1 per cent, iron-alum, watching micro¬ 
scopically. 

(/) Wash well in tap-water, pass through alcohol and 
xylol, and mount. 

4. Twort.’s stain may lx? used for sections. The stain 
(which is a compound neutral ml and light green prepara¬ 
tion) is \x>Bt made by rubbing up U‘25 gnu. of the stain 
(Grinder's) with some clean sharp sand in a mortar; this 
prevents the stain going into a sticky mass when the alcohol 
is added. To the powder so obtained is now added some 
purest methyl alcohol (Merck's), acetone-free, containing 
!i per cent, by volume of glycerin, ltub up well to obtain a 
saturated solution ; then pour off and add a further quantity 
of alcohol-glycerin solution, and repeat the trituration; about 
100 e.e. stain can lie made from the quantity given. 

•The solution, when filtered, should Ik* kept in a well- 
stoppered bottle (and if a completely saturated solution has 
lieen obtained, add 10 per cent, more alcohol-glycerin mixture). 
The stain may be purchased ready for use. 

Tissues to be examined should lie fixed in Muller's fluid 
containing 10 per cent, of formalin, but on no account should 
10 per cent, formalin alone be used. 

Paraffin sections (after xylol, alcohol and distilled water) 
are stained for about five minutes with the stain made up by 
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mixing one part of distilled water with tw^ parts of the 
glycerin-alcohol stain solution. Sometimes in staining such 
organisms as glanders ten minutes may lie necessary, especially 
if insufficient stain is in solution and the room temperature is 
low. Rinse in distiller! water. 

Fix for half to one minute in Unna's glvcerin-ether mixture 
—2 per cent, in distilled water. Rinse in distilled water. 

. Differentiate and dehydrate in absolute alcohol. Should 
there be much precipitate, this can easily lie removed by a 
few drops of methyl alcohol, or 1 tot ter by a mixture of .spial 
parts of absolute alcohol and xylol. Pass through xvlol and 
mount. 

Various elements stain different colours, viz. chromatin of 
nuclei, purple red ; mucoid ami colloid dcgcncrations, bright 
orange red; fetal cartilage, orange rod; fibrous tissue, blue- 
green ; erythrocytes, light grass-grtnui. Micro-organisms 
stain bright, red ami stand tmt in marked contrast to the 
green connective tissue containing them. 

Animal |Nirasites, »>. q. aimclue, also stain well. The stain 
has the advantage of leaving all the tissues sharply differen¬ 
tiated. 


Allusion inav here Is* made to the Mycetozoa (Myxo- 
mycetes). These art* masses of protoplasm resembling huge 
amccbiB, which are found on decaying vegetable matter. Itv 
some they art* regarded as vegetable, by others as animul, in 
nature, and Iwlonging to the Antwhte of the ■Surkodina. 1 Borne 
important plant, diseases, such as the “ fingor-nml-toe" of 
cabbage roots, are due to their activity. The fiiigcr-aud-toe 
disease is due to an amo-lsiid parasite (Phtsnindinphnra 
brassier, by some included among the Amwbr), tint cycle of 
■wVvvdv bevpjxvs ysvlVv fxova 'hVvvAx «wm\V iWeUuW Mi* wet 

free. Similar organisms "have l«*en supposed t<» '*•■ present 
in cancer. 

1 See Kay Lankeaters Treatise on Zooh„,y. It. I, Kim! Kneeicle. P 
37. 
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Class II. —Mastigophora. 

Tliesware protozya in which one or more permanent organs 
serving for locomotion or food capture are present in the form 
of flagella. As a rule the body is limited by either a cuticle 
or a differentiation of the protoplasm into a firmer external 
portion or periplast. One, two, or more flagella may be 
present, and when multiple are arranged in various ways. 
Food-vacuoles may occur in the protoplasm, also contractile 
vacuoles, but not in the parasitic forms. Various other 
granules, including chroviatophores, which generally contain 
chloropliyl, may be present. The nuclear apparatus is usually 
double, consisting of a large principal or macronucleus, aud 
a small or micronucleus or blupliaroplast; the latter is not, 
as in the Infusoria, composed of generative chromatin, and is 
in relation with the locomotor apparatus. An undulating 
membrane, a thin protoplasmic membrane attached to one 
aspect of the body like a dorsal fin, may Iks present. Euglena 
is a common form in ditches, and Noctiluca is the chief cause 
of phosphorescence in the sea ; loth are uniflagellate. Valvnx 
is also placed by some in this group. The chief parasitic 
genera are: 

Trypanosoma and Trypanoplasma, both of which have an 
undulating membrane, but the former has one flagellum, the 
latter two flagella, one at each end of the body, but both 
starting from the blepliaroplus^. Spirochaeta (see p. 522). 

Herpetomonas, like Trypanosoma, has a single flagellum, 
but no undulating membrane. 

Critliidia has a pear-shaped body with single flagellum. 

Trichomonas, also somewhat pear-shaped, with three short 
flagella and an undulating membrane. 

The trypanosomes and other forms living in the blood are 
known as hmmoflagellates. 

T ry panosomata . 1 

The trypanosomes are all parasitic in the blood of verte- 

1 For current litcraturo on Trypanosomes and trypanosome 
diseases see Sleeping Sickness Bureau Bulletin (Royal Society). 
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bra tea, aiul a blood-sucking invertebrate is almost invariably 
concerned in their transmission. In the ca*< of each jiatlio- 
genic trypanosome, some indigenous wild animal, tolerant to 
that form, serves as a reservoir from which infect ion is derived. 

A trypanosome has a slender, flexible. Battened IhhIv, one 
extremity of which is pointed, the other passes into a single 
flagellum. A delicate undulating membrane passes along one 
edge of the body. The organism lives in the plasma, in which 
it is actively motile, the flagellated end being usually anterior, 
'and measures 15-30^, or even 40 50/<, in length. The proto¬ 
plasm of the organism is fiuely granular, and near the centre 
of the body is a large imu-roniicleus. and generally lietween it 
and the non-flagellated end is a smaller niicroiiucleiis or 
blepliaroplast. From the latter a chromatin filament starts, 
runs along the free; edge of the undulating membrane and 
passes into the flagellum. Reproduction takes place by longi¬ 
tudinal division, occasionally probably by transverse division, 
and auueboid and plasmodial masses may lie found ill the 
internal organs and bone-marrow. The trypanosomes have 
great morphological similarity, which renders them practically 
indistinguishable by structural characters. They can usually 
Iks differentiated into three forms —indifferent, male, and 
female—which in some cases may all occur together, but only 
liecome fully differentiated in an invertebrate host. The 
males are slender, active, only slightly granular, and with 
an elongated nucleus; the females are bulky, sluggish, 
granular, and have a rounded nucleus: the indifferent torms 
are intermediate. The males usually soon die otl unless they 
conjugate; the indifferents are more hardy, the females most so. 
Tlie sexual forms conjugate in au invertebrate host, but it 
the males have died off, both male and female forms may lie 
reproduced from tlie females by a process of parthenogenesis. 

Trypanosoma gambiense. 

In lininan trypanosomiasis and sleeping-sickness of 
West and Central Africa, a trypanosome, Tr. dombiitmti 
is tlie causative agent (Plate XXI., «). If is usually pro- 
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sent, though scanty, in the blood, but can often be 
found in nurrfbers in the fluid aspirated from the en¬ 
larged* cervical glands. In the later stages, when 
cerebral symptoms ensue, it is found in the cerebro¬ 
spinal fluid, but scantily, centrifugalisation being neces¬ 
sary in order to demonstrate the parasites. The Tr. 
Gambienxe is pathogenic to monkeys, and to a less 
extent to white rats and guinea-pigs. Cattle and cer¬ 
tain antelopes may act as reservoirs for the parasite. It 
is conveyed by a tsetse-fly [G. palpalix), possibly by 
other tsetses. 

The tsetse (and possibly other biting flies) may rarely 
convey the disease by direct inoculation. Generally a cycle 
of development is passed in the tsetse. The stages of this 
are not known with certainty, but Roubaml has observed 
multiplication of the parasites in the tty and the development 
of Herpetomcmax forms. According to the observations of 
Kleine and Bruce, the flies become infective about thirty-four 
dayB after feeding and remain infective for 70-80 days, anl 
probably for the rest of their lives. 

In Rhodesia, a human trypanosome has been found which 
is probably distinct from Tr. tja'mbienxe. The G. palpalix does 
not occur in the district., and the macronucleus of the parasite 
is situated between the blephuroplast. and the posterior end. 

In Brazil another human trypanosome-like parasite has 
Iteen discovered by Chagas (7V. or Scliizolrypaiium entzi), and 
is conveyed by a bug (CuHurhinnx ineyixtus). 

IV. Brucri is the causative parasite of nngana or 
tsotse-fly disease of horses in Africa. 

Nagana is mot with in large tracts of country in 
Zululand and West Africa. It especially attacks the 
equities—horse, mule, and ass—in which it is very fatal. 
The animals become amende and emaciated, there is a 
discharge from the eyes and nose, staring coat, swelling 
of the logs and neck, and fever. The animal dies two 
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to six weeks after infection. Oxen aro also attacked, 
but a small proportion recover. The dog, cat, rabbit, 
guinea-pig, mouse, and rat may be infected by inocula¬ 
tion with the fresh blood of a diseased animal. In 
infected animals the trypanosome is generally abundant 
in the blood and spleen. The Tr. lirncvi can bo cul¬ 
tivated, though with difficulty, on rabbit-blood agar— 
melted sterile agar cooled to 45° C. + sterile dotibrinated 
rabbit’s blood warmed to 15° C., mixed and allowed to 
solidify in the sloping position (Novy and McNeal). 
The disease is conveyed through the bites of a tsetse-fly 
(Glonsina morxitmis). The trypanosome is believed to 
live in the big game, from whence it is transmitted to 
horses entering the infected localities. I ho blood loses 
its infective properties usually within twenty-four hours 
of being withdrawn. 

Surra attacks horses in Burma, Mauritius, and the 
Philippines, and is pathogenic to the same animals as 
nagana, and in the blood a parasite (Tr. Krtui*») similar 
to that in nagana, but more active, was observed by 
Evans. Surra is probably spread by certain biting 
flies belonging to the T<ib<tniiln‘. 

The tsetse flies (Gbmrina) belong to the house-fly order 
(Muscidw), and have a general resemblance to a house-fly, but 
when at rest the wings fold completely over each other. 'I he 
proboscis is long and straight and the wing venation is 
characteristic, especially tlie fourth longitudinal vein, w nc i 
makes two bends. Instead of laying eggs, the female extrudes 
a single full-grown larva. They am confined to Africa and 
Arabia; some sixteen species have been differentiated, am 
they occur in the vicinity of water on the edge, of forest land 
(“fly-belts”). ■* 

Tr. equinnm attacks liorses in South America, causing 
weakness and paresis of the hindquarters (“ nuil de caderae ). 
Cattle are immune, most other animals susceptible. 
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Tr. Theileri, the largest trypanosome known (50-60 p. in 
length), is fotind in cattle in South Africa, and is not patho¬ 
genic to any other animal. 

Tr. dimorphum occurs in two forms, large and smull, in 
horses in Africa. Is pathogenic to most animals. 

Dourine, a venereal disease of the horse met with in North 
Africa, Spain, and Hungary, is due to the Tr. equiperdum, 
which is conveyed by direct contact, and is mainly confined to 
the lesions, being scanty in the blood. It is pathogenic to 
the ordinary laboratory animals. 

In rats a non-pathogenic trypanosome was found by Lewis 
(Tr. Lewiei). It is especially met with in sewer-rats, but 
also occurs in field-rats (Crookshauk). It is somewhat 
shorter and thinner than the Tr. Brucei, and there are other 
small differences between the two forms. With the exception 
of rats and mice, and to a less extent guinea-pigs, other 
animals cannot be infected with the Tr. Lewiei. It may be 
kept alive for long periods in the blood placed in a refrigerator, 
whereas the Tr. Brucei soon dies under the same conditions. 
The two forms do not protect against each other. The 
Tr. Lewiei is readily cultivated on ralibit-blood agar and is 
probably transmitted by the rat-ilea, in which it seems to 
penetrate into the epithelial cells of the gut and undergoes a 
process of multiplication. 1 

A number of other trypanosomes have been found in the 
lower animals, birds, fish, reptiles, and amphibians. A large 
and characteristic one is generally present in the blood of 
the eel. 

The trypanosomes are usually agglutinated when mixed 
with the serum from an infected animal. 

Hewlett was unable to obtain any toxic or immunising 
Bubstonce from ground-up trypanosomes (Tr. Brucei) - 

Levaditi and Twort 8 have found that the filtrate of broth 
cultures of B. subtilie is markedly trypanocidal in vitro but 
not in vivo. 

1 Minchin and Thompson, Bril. Med. Mm., 1911, vol. 11, p. 361. 

* Proc. Roy. Soe. Land., B. vol. Ixxxiv, 1911, p. 66. 

8 Comp. Rend. 8oe. Biol., vols. lxx and lxxi, 1911. 
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Examination of Trypanosomes, etc. 

The trypanosomes, if numerous, are readily observed in the 
fresh blood. A very shallow cell may l>e formed on a slide by 
ringing with melted paraffin. For stained preparations the 
Leislunan stain (sets “ Malaria ") or the Heideiihain method 
(p. 514) may be employed. 1 

leishmaniosis. 

This term is applied to a group of diseases, caused 



CL b C 

Flo. 56.—a. Tlie Leislimiin-lluiinviiii body /». The tliigrllntcd 
form developing in eitrated IUihmI. r. Seven panedtoit in n 
large mononuclear leucocyte. (Alter James, I’.ilton, and 
Rogers.) 

by ft similar parasite, and widely distributed in tropical 
and sub-tropical countries of the old and new world. 

In kala-azar or tropical splenomegaly, a disease met 
with in India, Assam and the Mast, a small parasite, 
the Leishman-Donovan body, oeeurs_iij .large numbers 
i n t^ie sp leen and liver, also in the lymphatic glands, 
l ungs , and intestinal jsubmucosa, and in large mono¬ 
nuclear leucocytes and endothelial cells. 1 he bodies 
are small (2-3 a), round, ovoid, or oat-sliaped masses of 

1 For a special method of staining, see 1’limmer, l’ntc. Itoy. Sue. 
Land, B. vol. Ixxix, 1007, p. 102. 

* Seo Hewlett, Practitioner, 1011, July, p. 100. 
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protoplasm, apparently encapsuled, and contain two 
chromatin irtasses—one large and oval, staining pale red 
with Cieishman’s stain, the other small and rod-shaped, 
and staining deep red with Leishman (Fig. 56, «). They 
sometimes occur in masses (Fig. 56, c). Leishman 
considered the bodies to be degenerate trypanosomes, 
but the organism is now considered to belong to a 
distinct genus, and is termed Leiahmania Donovani. 
Rogers succeeded in cultivating it in citrated blood at 
20°-25° C., in which it develops into a flagellated form 
like Hnrpetomona.fi (Fig. 56, l»). 1 The parasite is not 
inoculable into animals, and it is probably transmitted 
to man by a bug (? a Conorhiniui ). 

The bodies are well shown in smears stained with the 
Leishman stain. 

JjO..Ctei RUt a l .floee,..ar. Delhi hail, iwpiirnsite practically 
identical with the Leishnian-Donovan body is present, 
but as the two diseases run a totally different course, it 
is probably aj&MLnct species. .(JL^tmpica^ On cultiva¬ 
tion it develops a flagellated form. The disease has a 
seasonal prevalence, and Wenyon suggests that it is 
cQHYcyqrl sp. _ 

In N. Africa Nicollo has observed a Loislnminiosis 
of children due to another species (jkjyjflSBttZtltt)• It 
is transmissible to the dog and monkey, and can be 
cultivated. Tho disease has recently been found all 
along the Mediterranean littoral. 

Spirochaetosls. 

Ditto* set touted by infection with tpirochaetet .—The spiro- 
ohatyt*ft uf delicate, undulating, or somewhat spirillar, filiform 
p— tti tea, ‘Occurring in tho blood of man* mammals, birds, 
•bell-fish, «to. The filaments taper to a point at the ends, are 
firtdble and motile, coiling and uncoiling, are described as 
'.Brit. Mtd. Jour*., 1007, vol. i, p. 487 et atq. 
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having two unclear masses, and some possess an undulating 
membrane, like trypanosomes, but in the smaller forms no 
definite structure can be made out. They are now gm&rally 
regarded as protozoa, but some still consider them to Iks 
bacteria. Bacterial cells are never pointed, nor do they show 
the coiling movements of spirochaetes ; motility is produced 
by flagella, which are absent from ntcst spirochaetes (statements 
to the contrary are due to errors of observation and technique), 
and periodicity is not exhibited by bacteria. Spirochaetes 
multiply by longitudinal fission, while fission in bacteria is 
transverse; they react in some cases to drugs (e. ,j. “ t>0(>") 
like trypanosomes, are much more sensitive to the action of 
immune sera than bacteria are, and are transmitted by insects. 
No spirochaete lias yet been cultivated. 

Schaudinn believed that many so-called spirochaetes may 
be connected with the trypanosomes. In tl. jilimti/in he 
described the presence of a thread-like nucleus and of chromidiu, 
and of an undulating membrane, but flagella are absent. In 
the little owl minute slender trypanosomes occur; these; later 
penetrate leucocytes, and develop into relatively very lurgu 
trypanosome forms (which have been termed Lcurocytozon). 
These intra-corpuscular forms are male and female garneto- 
cytes, the male being smaller nud more slender than the 
female. If taken into the gnat's stomach, the male gaiucto- 
cytes give rise to eight microgainetes by a process of sporuia- 
tion, which fertilise the ntacrogamute, and the resulting 
zygote ultimately forms by speculation an immense number 
of spirochaetes. 

In the c§se of a Halteridium parasite of the little owl 
(Athene nocttia ), Schaudinn claimed to have shown that it is 
a stage of a trypanosome (T. noctvn-) which is disseminated 
by the common gnat. His observations have not been eon- 
firmed, and Novy and McNeal lielieve that Schnadinn was 
dealing with a douj^e infection of both a trypanosome and a 
Halteridium, not that one was transformed into the other. 

Spirochaeta recurrent™ ( Obermeieri ).—Found in the 
blood-plasma, not in the corpuscles, in relapsing fever ' 
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during the febrile paroxysms. It is very, slender and 
delicate, measuring 12 to. 16 p in length, and actively 
motile. It is said to be conveyed by the bed-bug or 
by pediculi—but this is uncertain—and is v inoculable 
into monkeys, and, less readily, into rats. It has not 
been cultivated (Plate XXI., b). 

It is probable that the spivochaetos of relapsing 
fever in different countries are distinct species. 

Spirochaeta Duttimi. —Found in the blood-plasma in 
African relapsing, or tick, fever. It closely resembles 
the 8. recurrentia, but is more readily inoculable into 
rats, mice, and guinea-pigs, and the one does not 
protect against the other. It is conveyed by a tick, 
Omithodoroa moubata. 

Blood spirochaetus have been found in many animals, 
e. g. cattle (8. Theileri), mice (8. muria) , fowls (8. galli- 
narum), and geese (S', nnaerina), 

Spirochaeta pertenuia. —Castellani 1 has found in the 
yawB (framboesia) granulemuta a delicate spirochnete 
resembling the 8. pallida of syphilis closely, but even 
more delicate and difficult to stain than the latter 
organism, and named the 8. pertenuia. It is present 
also in the spleen and lymphatic glands in the disease 
and in inoculated monkeys. Babbits' can be inoculuted 
in the testicle. 

Borne observers have supposed yaws to be a mani¬ 
festation of syphilis, but (1) syphilitic patients can be 
inoculated with yaws ; (2) syphilis may supervene on 
.yaws; (3) Neisser and Castellani have shown that 
iponkeys inoculated with syphilis are not immune to 
y^WS, and rice veraa; and (4) Castellani 3 has shown 
that ..the yawB antigen and anti-bodies*are distinct from 
- the syphilis antigen and anti-bodies. 

> Brit. lied. Joum., 1807, vol. ii. p. 1511. 

* iTiurn qf Hygiene, vol. vii, 1907, p. 658. 
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Spirochaetes are also present in the ulcerating 
granuloma of the pudendjh of Guiana (Wise) and 
Australia, in malignant growths, in ulcers, in .the 
mouth (p. 474), and in Vincent’s angina (p. 311). 

Blood-smears may be stained with Leishmnn’s stain. 

(On Spirochaetosis, see Nuttall, Joum. Boy. Inst. 
Public Health, vol. xvi, 1908, p. 449.) 

Dural and Todd 1 state that multiplication of S. Duttoni 
takes place in vitro in a culture medium made with heus' 
eggs and mouse blood. Leishman believes that certaiu 
chromatin bodies present in the eggB and nymphs of the 
ticks are the developmental forms of the spirochaetes. 

Trichomonaa vaginalis .—This parasite is found iu the acid 
vaginal mucus in 50 per cent, of those examined. It must 
not be mistaken for a spermatozoon. It is a pear-shaped 
body, measuring 12 to 30 p in length, and from the blunt 
end three flagella are given off. 

A much smaller species, T. iiUeslinaUs, measuring 4 to 15 /t, 
has been met with in the intestinal canal of man in conditions 
associated with diarrhoea. 


Syphilis. 

Various bacterial organisms have been described in 
th\B disease, e. g. by Lustgarten, Eve and Lingard, Van 
Niessen, de Lisle and Jullien, etc., and bodies regarded 
as protozoa by Siegel, de KorUs, and others. In 
March, 1905, Schaudinn* noted the constant presence of 
a spiriform organism or spirochaeta (S. pallida, or Tre¬ 
ponema or Spironema pallidum ) in various lesions in 
acquired and congenital syphilis. The T. pallidum 
varies from 6 to lo p in length, averaging 8-9 p (Plate 

1 Lancet, 1009, vol. i, p. 884. 

* Arbeit, a. d. Kataev. Oetwulketteatnfe, U, 1006. 



528 Manual of Bacteriology 

XXII., a and h). It is much more attenuated than the 
majority of'spirochaetes, having a maximum thickness of 
0*8 fl, has from three to twelve, usually from six to eight, 
twists, forming a close, regular, and narrow- spiral, is 
actively motile, possessing a single delicate flagellum at 
either end, and it may have an undulating membrane. 
It stains ffeebly and with difficulty. Another spirochaete, 
the 8. re fringe ns, frequently accompanies, and must 
not be mistaken for, the 1\ pallidum in ulcerating 
lesions; th e form er is more r^freoffle and coarser, has 
fear pr twists and forms, jt. wider spiral, and stninB 
deeper and more readily than the latter. The T. 
pallidum » found generally in all primary and secondary 
lesions of syphilis, e. g. the primary sore and adjacent 
lymphatic glands, in the papular and roseolar eruptions, 
in oondylomata and mucous patches. It has also 
occasionally been found in the spleen and blood. In 
congenital syphilis the T. pallidum is met with in the 
bullous eruptions, blood, and organs, and is particularly 
abundant in the spleen and liver (Plate XXIII., a). 

Tertiary lesions are generally considered to be non* 
infective, and the T. pallidum is usually difficult to find 
in them. It has, however, been detected in the peri* 
pheral portions of gummata and in syphilitic aortitis, 
apd may persist in the body for years after the 
primary lesion. 

*■' The T, pallidum is now universally regarded as the 
speciftq organism of syphilis, being present not only in 
the human lesions but in experimental lesions of inocu¬ 
lated apes (see below). It must be recognised that 
Spiro ghaetea areof frequent occurrence in, various non - 
sypbUitio ulcerating and other lesralM, e..y. in the 
mou|i)i and in pyorrh oea, in vaw s and ulce rating gran n- 
ilqaat (in these two they may be specific forms), in 
^•ordinary ulcers and in oarifaflmatoaa tnm^ur- Geaemlly 
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the T. pallidum can be distinguished microscopically 
from the other species, bat care is necessary. 

The T. pallidum has not been cultivated in vitro 
in spite of numerous attempts. By placing material 
from a rhesus monkey inoculated with syphilis into 
collodion sacs and introducing them into tho peritoneal 
cavity of another monkey, and examining the contents 
of the sacs a month after the operation, a great multi¬ 
plication of the organism was found to have taken 
place. 1 

Metchnikoff and Roux (also Griinbnmn) found that 
the chimpanzee is very susceptible to syphilis, and can 
readily be inoculated from man, the T. pallidum being 
found in the lesions. 

Macacos rhesus is also somewhat susceptible, like¬ 
wise the JUT. cijnomolgns and the Chinese bonnet monkey, 
but not the mandril. By several passages through a 
rhesus monkey the syphilitic virus becomes attenuated, 
so that in man it produces merely a local lesion.* 
Bertarelli* states that syphilis may also be inoculated 
on the eye of tho rabbit. 

Attempts by Metchnikoff and Roux to prepare an 
anti-syphilitic serum by inoculating apes and goats 
with syphilitic virus proved unsuccessful (as did earlier 
experiments with other animals by llericourt and 
Richet). The syphilitic virus as ordinarily introduced 
into man by sexual intercourse probably takes some 
hours to become generalised, for Metchnikoff found 
experimentally in apes that if the seat of inoculation 
were treated with a calomel ointment up to eighteen 
hours after inocuHtion infection was prevented. 

Tho syphilitic virus does not pass through a Berke- 

1 Levaditi and McIntosh, Ann. tie Vlnsl. Pasteur, xxi, 1907. 

* Metchnikoff, Jouns. of Free. Med.., IMJ0, August. 

* Ctntr.f. Bait. (Orig.), xliii, 1907. 
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"feld fitter, and %(Snoe *is not oltra-mioroaoopic. It is 
f^^adiiy »de*troyea by. lte»t (52° C.) and antiseptics. 
Went with mercury and with “600" (salvaran) 
or disappearance of the spirochafete*. 



Examination fqrthe T. pallidum. 

<,1- in fr«eh preparadiont. —Scrapings from the 

deeper layer* of the'; chancre, etc., may be emulsified in 
physiological salt .solution and examined microscopically, 
particularly with d|M‘k-ground illumination (p. 146) with 
special eOndensdr. 

Another useful method is the Indian-ink method. A 
scraping ^obtained from the lesion as above, and the fluid 
thus obtained is placed on a slide and aneqny^quantity of 
iii added. The ordinary commercial Indian" inks may be 
used* G^hther Wagner’s being particularly good(p. 82). The 
t^rnm and the ink are then rapidly and thoroughly mixed 
and smeared over the slide so that a pale brown colour results. 
The material dries in a minute or Blightly less, and may be 
examined directly with the. oil-immersion lens, or the wet 
may be covered yith a cover-glass ..jen examined. 

' The preparations keep for a Considerable time/ The pre¬ 
paration shows the red bipod-cells" a*> large, clear .circular 
pee* in. a brownish-black fleld^ the bacteria V<* 
present a|>pearingas white kxU, jjptsietc., Vnd spirochetes, 
if preeent/aa dear white Spirals (Pfeite X^II.,«). 

It is particularly important in using.thfr i»e$h(4 fiat in so 
as ppfrible sertim alone be used,, add tW*a minimal 
amount* of mucous Material or fibrin be mixed, with the ink. 

presence m 'mucus results in fie takiqg.up of a large 
imtoant of the twlouri rm pu st t er of thpmk, withthe Result that 
a*jaeav of the requitxtrfiolour aim estttt he mafia. 

f,;lao'nWth serum la used the altsttfeifiA 5 mntorial appear* 
rpredjjitate theodour from the fiuidaml^a finelyJgfanuiar 
appearance is seenmicrosoopipally, wUph ispractisafelrorth- 
P* ^pnipoeee, Again, if tod maehTOjM fised. 






Treponema Pallidum r.2!' 

the surface of the smear is increased in size to such an 
extent that the task of .examining it thoroughly is great Iv 
lengthened. > 

Coles' notes a useful point in the recognition of the trepo¬ 
nema, namely, that if the number of turns of the spiral of 
the syphilitic spirocliaete in the length of the diameter of a 
red blood-cell be counted, these will be found to U* from six 
to seven. The distance from the top of one spiral to the next 
is from 1 to T2 p. The red blood-cells measure about 7 . r > f , 
in diameter, so that, on the average six or seven turns will lie 
equal to that of a red blood-cell. The treponema varies in 
length from (5 to 15 p, or oven more, and consequently 
contains from six to fourteen and sometimes twenty or more 
turns of the spiral. This measurement of the length of the 
spiral is usually possible, and is of the greatest value in 
identifying the treponema. 

2 Stained preparation*. — Smear* from ehaneres. etc., may 
lx* stained by the <Jie.m*a method. ’Flu* (Jicmsa stain is a 
solution of an azur-blue eosin compound in cipial parts of 
glycerin (Merck, pari**.') and methyl alcohol (Merck or 
Iv aid hailin'). 

The smears are fixed for ten minutes in absolute alcohol. 
The preparations are then stained in a dilute solution of the 
(lieinsa solution for two to twenty-four hours, washed in 
distilled water, dried, and mounted. (The dilute llicmsu is 
prepared by adding one drop of the (liemsa stain to a cubic 
centimetre of distilled water, and rendering alkaline with one 
drop of 001 pier cent,, potassium carbonate solution.) The 
preparations may also Ik* stained in the undiluted tSicmsa 
stain for half to six hours. Leishinan's solution may also 
lie used. 

Sections may Ik* stained by Lcvaditi's method : 

(1) Fix pieces of tissue about 1 mm. thick in |t> percent, 
formalin for tweiitv four hours. 

(2) Wash in‘water, and harden in 00 percent, alcohol for 
twenty-four hours. 

1 Urit. Med. Journ., May Stli, UVAK 
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(3) Wash in distilled water for some minutes (until pieces 
sink). e 

(4$ Place in 3 per cent, silver nitrate solution at 37° C. for 
three to five days in the dark. 

(5) Wash in distilled water for some minutes, and then 
place in the following solution at room temperature for 
twenty-four to forty-eight hours. 

Pyrogallic acid.2-4 grm. 

Formalin ...... 5 c.c. 

Distilled water ..... 100 c.c. 

(6) Wash in distilled water, dehydrate iu absolute alcohol, 
clear in xylol, embed in paraffin, cut, and mount. 

The spirochaetes are stained black or brown (Plate XX11I., 
a), the tisBueB yellow. 

Some have asserted that the spiroehaetes seen in the tissues 
after staining by this method are artifacts or are composed of 
filaments of elastic tissue, 1 

3. The Waaaermann reaction or antigen test.* —This has been 
largely applied in the diagnosis of syphilitic conditions, and 
as a confirmatory test, of the presumably syphilitic nature of 
such conditions as tabes dorsalis and general paralysis of the 
insane. The test is based on complement-fixation (p. 190). 
In this method an organism (the “ antigcu ”) fixes its homo¬ 
logous immune liody, and tint complex then takes up com¬ 
plement ; this is deinonstiuted by the use of a haemolytic 
system (p. 191). 

As a mutter of fact, however, the Wassermnnn reaction, as 
it is preferably termed, is apparently not a true antigen 
reaction,'* for the substance used as antigen is soluble in 
alcohol, and various non-specific bodies may be employed as 
antigen. Moreover, th * substances which act as amboceptor 
and fix the complement are probably lipoid in nature, and are 
derived by a peculiar degeneration or breaking down of the 

1 See Baling* and Mfthlena, Centr.f. Bakt. (Or\g.), xlii and xliii. 

* One of the best rttumet on this subject is by Gomes, Arthivoa do 
imlitvlo BocUriologico Camara Pest an a, vol. iii, Fasc. II, p. 148. (In 
French. Lisbon, 1911. Full bibliography). 

* See Emery, Loneti, 1911, vol. i, p. 864. 
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tissues in syphilis. Again, the reaction is not confined to 
syphilis: it may also be obtained with the syphilitic “ antigen ” 
in trypanosomiasis, yaws, leprosy, ami the early stagd of 
scarlatina. This does not, however, militate against its value 
in the diagnosis of syphilitic conditions. 

In the original method a fresh salt-solution extract of the 
liver of a syphilitic fetus was used as the “ antigen." Levaditi 
employed a similar extract of the dried and powdered liver. 
Now an alcoholic extract of the liver is made use of. Tho 
test-substance was the blood-serum or cercbro-Kpinal fluid of 
the patient, inactivated by heating to 50° C for half an hour. 
The complement was guinea-pig serum, and the lueinolytie 
system sheep's corpuscles, and a serum lueinolytie for these 
corpuscles. 

This )s probably the l>cst method, but is now not generally 
employed on account, of the difficulty of obtaining syphilitic 
fetal liver, and other substances act nearly as well as the 
antigen, e.g. alcoholic extract, of heart-muscle, sodium tauro- 
cholate, glycocholate, or oleate, lecithin, eliolesterin, etc. 

At present alcoholic extract of heart-muscle 1 (human or 
guinea-pig) is commonly employed. The complement, may lie 
that contained in the serum to lie tested, and the lueinolytie 
system may bo (1) normal human* serum and sheep's cor¬ 
puscles, 3 (2) the serum of a rabbit, injected with human 
corpuscles, and human corpuscles, or (8) serum lueinolytie for 
sheep’s corpuscles, and sheep's corpuscles. 

The following is the method devised by Emery,' 1 and has the 
advantage of comparative simplicity. 

(a) The hwmolytic eerum and rarpuerlee.— A rabbit is in¬ 
jected intra-peritoneally two or three times at intervals of a 
week with 10 c.c. of a 50 per cent, suspension in salt-solution 
of well-washed human corpuscles. The serum is prepared 
for use by bleeding the animal to death, and collecting the 

1 Heart-muscle is peculiar in that it contain* a large amount of 
lipoid substances. 

* Fleming’s method (Lancet, 1909, vol. i. p. 1512). Normal human 
serum is generally (not always) hemolytic for sheep’s corpuscles. 

a Lancet, 1910, vol. il, September 3rd. 



532 


Manual of Bacteriology 

blood aseptically. The serum is then standardised with 
human corpuscles and fresh human serum, so as to determine 
the ininimal haemolytic dose under the conditions of the experi¬ 
ment. It is then diluted with sterile physiological salt solution 
in the proportion indicated in the standardisation experiments, 
pipetted off into sterile vaccine bulbs (A-l c.c. in each) sealed 
and heated to 60° C. for half un hour. If there is any doubt 
as to its sterility the heating should be repeated on two other 
successive days. 

The method of standardisation will be Been from an example. 
The requisites are: (1) A 20 per cent, suspension of human 
red corpuscles in salt solution ; it should have been re-washed 
at least three times. (2) Fresh normal human Berum. (3) 
Physiological salt solution. (4) The Berum to be tested 
(“ immune serum ”) and previously heated to 60° C. for half 
an hour. The following mixtures were prepared: 


(a) Suspension 1 vol. + 

serum 5 vols. + immune serum 1 ; 0 

1 vol. 

(«*) 

„ 1:3 

M 

(«) 

.. ,, 1:3 

M 

(<*) 

1 : 10 

99 

(•) 

„ „ 1 : 20 

99 

(/) 

„ „ 1 : 60 

U 

(a) 

t 1 : 100 

M 


The mixtures of the ingredients are made by means of an 
ordinary Wright’s opsonic pipette with a unit mark about 
1 inch from the end, and the serum dilutions prepared in a 
similar way. The mixtures are placed in small test-tubes 
about i in. internal diameter, well stirred with the 
pipette, and incubated at 37° C. for one hour. (They are 
oIbo thoroughly stirred after half an hour.) The following 
was the result: With a, b, c and d there was complete 
hsDmolysis; with e there whs a trace of hoemolysis and much 
agglutination ; with / there was agglutination, but no hsemo- 
lysis; and with g there was partial agglutination. This 
serum was only diluted 1 in 4 for use, so Bs to make sure of 
there being an excess of immune body in the conditions of 
the experiments. The five volumes of normal swum contain 
a large excess of complement. 
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(ft) Patient'a serum .—The blood for the test, is collected in 
the ordinary way from a skin puncture in a Wright's capsule 
(Fig. 35, d, p. 225) ; al>out | cubic centimetre of blood is 
ample, even if the test has to be repeated. To obtain plenty 
of serum it is advantageous (a) that the blood shall not l>c 
allowed to cool after it is collected, and (ft) that the clot shall 
be separated from the sides of the vessel in which it is con¬ 
tained, so as to allow of free retraction. To meet the former 
indication it is a good plan to put the pijicttc in the incubator 
as soon as possible after it has Iteeit tilled ; to meet the latter 
shake the clot as soon as it has formed towards the curved 
end of the pipette and back again. 

(c) The "antigen" used is an alcoholic extract of normal 
human heart, prepared by grinding up a weighed amount of 
heart muscle with four times the number of cubic cent imet res 
of absolute alcohol that there are grammes of muscle, allowing 
the mixture to stand twenty-four hours, and iv|s>nting the 
grinding and maceration for another twenty-four hours, after 
which it is heated to t>0° C. for one hour, if must Is* quite 
clear when used, a little being withdrawn from the top layer 
by meins of a. pipette. It is dilute] with nine times its 
volume or more, as determined by ex|H-riments, of salt solution 
for use. Before use. and occasionally afterwards it is im¬ 
portant to test this extract. To lte of value it should - (a) 
give complete absorption of the complement, in a known case 
of late secondary or early tertiary syphilis, even when one 
volume of fresh normal serum from a healthy jhtsoh is added ; 
and (ft) used in the conditions of the test alsmt to Is'descrilssl 
should cause very little absorption (or destruction r ) of com¬ 
plement in a normal blood. This is tested simply as follows: 
Two tubes are prepared, of which the first contains one volume 
of normal serum, four volumes of salt solution, and the second 
one volume of the same serum and four volumes of the diluted 
extract. These are incubated together for half an hour, and 
to each is then added one volume of the immune serum pre¬ 
pared as above, and an excess (five volumes is usually enough) 
of 20 per cent, emulsion of washed human corpuscles. The 
incubation is continued for one hour, the tubes being stirred 
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once or twice. At the end of that time they are centri- 
fugalised, and a definite quantity of the clear blood-stained 
fluid is pipetted off and examined in a htemoglobinometer. In 
a good extract there should be no difference between the two, 
and this is sometimes the ease. Usually there is a Blight 
difference, which naturally tends to interfere with the accuracy 
of the reaction. If there lje a marked difference between the 
amounts of luBmoglohin liberated in the two tubus, the 
extract should bo discarded or re-tested at a higher dilution. 

(cl) Salt solution. —A 085 per cent, solution of sodium 
chloride in distilled water. 

(«) The corpuscles .—A 20 per cent, suspension of human 
corpuscles, washed tlitee times in the salt solution. 

The apparatus required are (1) a Wright’s pi|M‘tte, some¬ 
what wide, i. c. I mm. internal diameter, with a 1-unit mark 
about one inch from the end, and a 4-unit mark ; (2) a series 
of small test-tubes like Durham’s tubes, t. «, about t i, u .|, 
diameter and 1J to 2 inches long; (3) an incubator. The 
ordinary blood-heat, iucuhat >r may be used, but a water-bath 
is preferable. Kiiiery has modified Hearson's opsonic incu¬ 
bator for the purpose, which is very convenient, but a tin 
filled with water, and having on top of it a piece of parajfiuetl 
cardboard pierced with holes of appropriate size to contain the 
small test.-tulies will, with a little care in regulating the 
temperature to 37° 38° 0., serve every purpose. All the 
constituents, antigen solution, sera, salt solution, etc., are 
contained in larger tidies, and are kept warm in the liath, as 
well as the small tubes for the tests: for each test two small 
tubes are required. 

The process is carried out as follows : Prepare a Wright’s 
pipette with a 1-unit and a 4-unit marks. Place in one tul»e 
4 units of salt solution ; this is to serve as a control in order 
to make sure, that thu serum to be tested contains sufficient 
froe complement and that the lueinolytic system is in working 
order. In the other tube 4 units of the diluted extract are 
placed and the pipette is carefully washed out. 

One unit of the serum to be tested is now added to each of 
the two tubes, that containing the salt solution receiving 
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its addition first, then that containing the extract; this is to 
avoid carrying over a little extract into the control. In each 
case the fluids are thoroughly mixed by repeatedly seeking 
them into the pipette and expelling them, and in each case it 
is advisable to see that the mixture forms a continuous 
column. The pipette is then rinsed out with salt solution, 
and the process is repeated with as many sera as are to lie 
tested. 

The hsemolytic system is then prepared. Take one unit of 
suspension of ml corpuscles which have liccii washed three or 
four times, and mix them with four times their volume of the 
prepared rabbit's serum. This will Ik* more I hail enough to 
saturate them with amboceptor ami also with agglutinin. 
Place them in the incubator or bath so as to hasten the com¬ 
bination of the corpuscles and the autilKidies. 

The final stage of the test consists in the addition of these 
sensitised and agglutinated corpuscles to the tidies containing 
the diluted serum. When a bath is used the combination in 
tiie extract tula* will be complete in the miuules after it has 
reached 38° C., and almost complete in t wo and a half minutes. 
Of course if the lubes are incubated in air these times are 
greater, since the tuls's and their contents take an appreciable 
length of time to liecome heated to this teiii|s*rat lire; lint, 
when the two substances are placed in a narrow tulic sur¬ 
rounded with warm water the coinbin.ition is very rapid, and 
if several sera are lieing tested, tin* reactions will Is* complete 
in the first tuln-s by the time the mixtures have Ih*cii made in 
the lost tubes. 

If haemolysis occurs the reaction is negative, /. >■. the serum 
is not syphilitic; if no ha-molysis occurs the reaction is 
positive, i. e. the scrum is syphilitic. 

The examination of a very large iiumU*rof cases of syphilis 
by different observers indicates that the test is of very con¬ 
siderable value and diagnostic significance. In conditions 
such as tubes dorsalis and general paralysis of the insane, 
which on other grounds an* generally regarded as due to 
syphilis, 52 per cent, give the reaction. A positive reaction 
may be said to show a positive, and probably active, syphilitic 
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infection, but a negative reaction does not necessarily exclude 
syphilis. A course of mercurial treatment may render the 
reaction negative. 

(4) Forges' reaction .—If syphilitic serum be added to a 
solution of lecithin or other lipoid substances, in many cases 
it gives a white precipitate. Normal or non-syphilitic serum 
gives no precipitate. This has been tried extensively as a 
substitute for the Wassennann reaction, but it is not so deli¬ 
cate. 


Class III.- Infusoria (Ciliata). 

The Iufusorin are protozoa the locomotive organs of which 
consist of cilia, and in which the nuclear apparatus is differen¬ 
tiated into a vegetative macronucleus and a generative micro- 
nucleus. The cytoplasm is enclosed within a cuticle, an oral 
aperture is present, in the form of a slit, or pore, and waste 
matter is extruded by a pore, constant in position, but, as a 
rule, visible only when in use. A contractile vacuole is 
generally present. Reproduction usually takes place bv 
fission, which is preceded by division of the two nuclei, the 
micronucleus by mitosis, the macroiiucleus by direct division. 

The Infusoria are not of much pathological importance, 
but are common in ponds and ditches, c. g. Paramecium anti 
Vorticella. 


Balantidium (Paramecium) coll. 

This is an intestinal parasite of swine, occasionally met with 
in man in conditions associated with chronic diarrhoea and 
dysentery. 

It'is somewhat, ovoid in sha])e, the emls being bluntly 
pointed, is covered with cilia, measures 65 to 85 p in 
length, and has a superficial resemblance to the ordinary 
Paramecium. 

According to Saville Kent, the Balautidium coli is to be 
distinguished from the ordiu&ry forms of water paraiuecia by 
the following characters : The Bat. coli is somewhat spindle- 
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shaped or ovoid, aud bluntly pointed at each end, one and a 
half to twice as long as broad, measuring * in. to , in. 
in length; the paramecium is more 
cylindrical, four times as long as 
broid, measuring ,J 0 in. to in. in 
length. The orul aperture in Hal. colt 
is near one extremity (Fig. 57) ; in 
paramecium it is situated at about the 
middle of thu ventral surface. In 
Bal. coli the cilia round 1 lit* oral aper¬ 
ture are as long again as those over 
the body generally : in pm timed mu 
the whole of the cilia are of the same 
length 

The Bal. coli seems undoubtedly 
sometimes to be a cause of tlx sen- 
terv. 1 Km *‘»7. linhiuf iJfifiu t'uh. 

Examination ot Flagellated and Ciliated Forms. 

(ly These may lie examined fresh in the fluid in which they 
are present, by mounting on a slide, ami covering xxith a 
coverglass, one edge of which rests on a ln'istle to avoid 
pressure. 

(2) Permanent mounts may Is* made by tin 1 lleidenhain 
method (p. 514). 

(3) Films may lie made in the* ordinary way, and stained 
with weak earlioi-fuehsiii or Leishmun's stain. (The organisms 
are apt to lie distorted.) 

(4) The following method, devised bv Koiissclet ( Jour h. 
Queliett Microsrnj). Chib, 2nd series, vol. vi.no. •?(!, p. o, Alai eh, 
1895) for preserving rotatoria, may Is* tried. In those forms 
which are nou-contractile, kill by adding a drop of i js*r cent, 
osmic acid, wash immediately in water, and preserve in 2 J 
per cent, formalin Contractile forms may Is* first narcotised 

1 Strong and Muagrave, John* Hopkin* 1/onp. Bull., vol. xii, 1901, 
p. 31 5 Bureau of Gov. Laboratories, Manila, Bull. 20, 10W. 
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by adding a drop or two of 2 per cent, cocaine solution, then 
killed with the osmic and preserved as before. 

Class IV.—Sporozoa. 

The sporozoa are exclusively eudoparasitic protozoa, the 
adult lacking organs for locomotion or the capture of food, 
and multiply by some method of sporulation, often very com¬ 
plex. Binary fission is almost unknown in this group. A 
parasite during the nutritive or “ trophic ” phase, when it is 
absorbing nutriment and growing at the expense of its host, 
is termed a trophogoitu ; when if is mature and ready for 
sporulation it is termed a n/iorozoite or srhizont. The sporeB 
are of various kinds, uud may develop outside the body or in 
a second host. 


Order. Coccidiidea. 

The Coccidiidea, with a single exception, are intra-eellular 
during the trophic stage, and present a dimorphism or alterna¬ 
tion of generations; the one is endogenous and asporular, 
determining the reproduction of the parasite within the 
host, the other exogenous and sporular and permitting of 
infection. 


Coccidial Dixeane of Rabbit x. 

This is a disease caused by a sporozoon, the Coccidimn 
oviforme. or nniiruli, and often met with in warrens and 
hutches; in some of the former as many as 1)0 per cent, of 
the animals may Is; affected. The young animals suffer most, 
and become infected when they cease to suckle and commence 
to eat green food, the adult animal us a rule resisting the 
disease. The affected animals waste, suffer from enteritis, 
and a large proportion die iu from one to* three weeks, the 
condition being known as “ wet-snout” among the keepers. 
The parasites occur in the intestine, bile-ducts, and liver in 
large numbers. Each parasite is ovoid in shape, measuring 
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36 ft. in. length and 22 /i in breadth, is enclosed in a firm 
translucent cyst, which encircles a very granular protoplasm. 
Sometimes thiB protophiHin iM^onics condensed so as*to form 
a spherical mass lying fret* within the cyst (Fig. 58, r). In 
the intestine and bile-ducts the parasites are attached to the 
epithelial cells, and in the liver, if the auiuml lives lieyond the 
acute stage, set. up some remarkable changes. The affected 
liver is studded with greyish-white nodules varying in size 
from a pin’s head to a pea. On making sections and examiu- 



Kl<l. .Vi, — C'nrriitiii in (h-ijm im of nilililt . «, * iMritliiiiu iittiielieil 
to an epithelial cell h ij. Stages in tin- life-cjcle. #i. Inr 
spores. 


ing them niiemscopieally, it is found that these nodules 
consist of diluted bile-duets filled with it much byjicrtrophied 
and convoluted mucous membrane, which forms branched 
projections covered with cubical epithelium, among which the 
parasites occur in great niiniliers ( Plate X X111.. !>)■ A curious 
fact is that sulicutancuus or intrn-venous inoculation, or inocu- 
lation into the liver of a healthy rabbit with the coccidiufrom 
another rabbit, fails to induce the disease. 

The coccidium has a complicated life-history, and infection 
only seems possible in one of the stages. In order to study 
the life-cycle the parasite must be placed under suitable con- 
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ditions, and an infusion of rabbits’ faeces, kept at the ordinary 
temperature, is perhaps as good a cultivating medium as any, 
the chafiiges being watched by means of interluuiellar films. 
When the coceidia are observed under these conditions, the 
first change is apparently the formation of micro- and macro- 
gametes, fusion of these, and the formation of a zygote or 
oocyst (Fig. 58, b). The protoplasm of this then condenses 
so as to form a sphere lying free within the cyst (<■), a stage 
sometimes observed in the animal. The sphere then divides 
into four smaller spherules (d). Each spherule becomes 
elongated, and again divides into two somewhat crescent¬ 
shaped bodies, around each pair of which a new, somewhat 
spindle-shaped capsule forms (sand /). In this condition 
the parasite is very resistant, and may remain alive for six 
months, undergoing no further change unless introduced into 
another animal. If a young rabbit swallows with its food 
these crescentic spores, the enclosing capsule is dissolved, 
and each crescent Incomes a rounded anueboid mass, and this 
again divides up into many crescentic spores (<j and h). 
These spores are apparently motiie, and enter the epithelial 
eells of the intestine, gall-bladder, and bile-ducts, where a 
process of growth ami differentiation occurs, and the fully 
developed parasite is ultimately reproduced. 

Coccidial disease, or. as it is sometimes termed, psoro¬ 
spermosis, is occasionally met witli in animals, as the sheep, 
and a wasting disease of young pheasants due to coceidia has 
been described by McFadyean. 1 

In man, coccidial disease has lieen descrilied (but rarely) 
in the liver, gall-bladder, ureter, etc. 2 

Rixford and Gilchrist :l dcscrila'd two cases of protozoan 
infection of the skin and organs, accompanied by great 
destruction of tissuu and ending in death. The organisms 
were spherical, 7 to 27 p. in diameter, surrounded by a thick 
capsule, enclosing granular bioplasm (C. immiti*). 

1 Jo urn. Comp. Path, mul Tkerapeut., 1895. 

* Journ. Comp. Path, amt Sad., 1898, June, p. 171. 

* John* Uophin* Ho*p. Sep*., vol. i, 1890, p. 209. 
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The Ruffer-Plimmer bodies of cancer were at one time 
believed to be coccidia (p. 5t>l). • 

The term “psorospermosis" has lieen applied to*liiiman 
iufectiou with coecidium. Saivos|»oridia <p. 1). etc. 


Examination. 

(1) The coceidial forms are readily examined in the fivsli 
state. The only bodies they are likely to Is- mistaken for are 
certain ova. 

(2) Paraffin sections of rabbit's liver containing coccidia 
may be stained much in the same way as tuls*reulous tissues 

_viz. warm carbol-fuchsin ten minutes, decolorise ctintiotifhj 

in 5 per cent. acid, and counter-stain in methylene-blue. 
Sections mav also lx* stained in the Khrlieh-liiondi stain for 
one to two hours. 


Order.- Htemosporidia. 

The general characters of this group are: 

(1) Life at the expense of the red blood -corpuscles, at least 

during a portion of the life-cycle. 

(2) Endogenous multiplication by spores, by which the 
life-evcle is repeated within the host. 

(3) Development of a form which Is-comes fn-e in the 
plasma, and which is the commencement of a sexual cycle to 

be completed in a second host. 

(4) Inoculability, but only from one animal to another of 

the same Hpecies. 

The group includes the malaria parasite and similar para¬ 
sites in mammals and birds, the Im-mogregarines. Ihejmnidhtm 
of the frog, and perhaps the Piroplasmata. 


Malaria. 

Malaria is caused by pnrasitic protozoa, placed in the 
genus Plasmodium (Uanuameeha), the credit of the 
discovery of which must be given to Lavcra.i, who 
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described the parasite as occurring in four phases, 
viz. (1} spherical bodies,. (2) flagellated bodies, (3) 
crescentic bodies, and (4) segmented or rosette bodies. 

The parasites cannot be cultivated, but inoculation 
of healthy individuals with the blood of malarial 
patients reproduces the disease, and the same structures 
or parasites are found in the blood of these infected 
persons. Inoculation experiments on all animals except 
man havo proved negative, and in tho latter the 
inoculation must bo intra-venous. 

In the various forms of malarial fever the parasites 
have the same general characters, though there are 
distinct differences between them, by which they can 
be recognised and the type of fever differentiated. In 
each there is an endo-corporoal cycle within the host, 
through which tho recurrent attacks are developed ; 
there is also an extra-corporeal cycle of development 
outside tho body of tho host, whereby the infection 
of fresh individuals becomes possible. Much of these 
cycles needs separate description. 

If tho blood of a malarial patient is examined an 
hour or two before, or at tin* very commencement of, 
the febrile paroxysm, tho parasite will be recognised 
as a pale, ill-defined mass of protoplasm within the 
rod corpuscles, of which a variable proportion are 
infected, the size of the parasite varying in the different 
types of fever. When some hours old a variable 
number of blackish pigment-granules of melanin make 
their appearance. These subsequently coalesce into 
smaller groups, and the latter again into one or two 
larger, more or less centrally disposed, masses. The 
parasites exhibit more or less ammhoid movement, and 
the melanin granules are frequently in a state of 
tremor. Later on most of the parasites (now scliizonts) 
become divided into a variable number of segments. 



The Malaria Parasite 


543 


'hich separate and become spherical, the hlood-cor- 
uscle breaks down, the spherical bodies or spires are 
et free, and a certain nmnber of them, again bccAming 
ttached to red corpuscles, develop into the first static 
f the parasite. The melanin grannies ami some of 
lie spores are ingested by phagocytes, and the melanin 
t deposited in the spleen and liver for a time. 

The parasite, termed a p/us/imd/aix, or better, an 
nicebnlii, contains a vesicular nucleus and a nucleolus, 
nd the melanin granules are present in the surrounding 
rotoplasm. When segmentation occurs, each segment 
ontaius a portion ot both tin* nucleolus and the proto, 
ilastn. The maturation of each “ brood " of parasites 
* coincident with a fresh febrile paroxysm. In the siili- 
ertian (pernicious) forms of malarial lexer there exist 
a the blood for some time after the subsidence of the 
cute paroxysms well-marked lion-mot do. orescent ie or 
ansage-sliaped bodies, with rounded ends, tin* so-called 
'crescentic bodies” or “crescents : their longer 
liainotor is greater (,|) than that ol a red corpuscle, 
heir protoplasm is lineU granular, and contains at nhout 
he centre several well-marked pigment-granules. In 
he crescentic forms the extremities n| the crescent 
,ften appear to be joined b_\ a delicate membrane 
Fig. (14, /and./); this is the remains <>f the blood- 
■orpuscle in which the parasite lias developed. 

When a “ wet ” specimen of malarial blood from a 
•asc of pernicious or sub-tertian inalaiia is kepi iitider 
ibservation (p. •”>«*»■»), it not inlreipieiitlx happens that, 
if ter a time the so-called flagellated " bodies ’ make 
.heir appearance. These consist ot a central proto¬ 
plasmic mass attached to which an* from one to six 
lelicate flagella measuring 20--30/* in length (Hg. 59, c). 
The flagella are actively motile and disturb the cor¬ 
puscles, but the body itself docs not move much. 
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Frequently one or more of the flagella break away and 
swim free, remaining active for several hours. The 
flagelftited bodies are never seen in the freshly drawn 
blood, and Ross has found that flagellation does not 
occur if the finger bo pricked through a spot of 
vaseline, the blood remaining covered with the film of 
grease. Careful observation lias shown that the 
flagellated bodies develop from “ crescents ” in sub¬ 
tertian malaria, and from special rounded parasites, 




I’m. fil).— Development; of the nmliu-ia parasite in the mosquito, 
it, b, and r, the male t'amotoeyte ; anil f, the female 

Ifametocyte; /, fertilisation of the female gametocyte 1>y a 
liiierojfiunete. (After Rons anil Kieliliujj-Ould.) 


difficult to distinguish from the sehi/.onts, in the benign 
tertian and quartan fevers. 

‘Various theories were held in the past as to the 
nature' of these flagellated bodies. Through the 
brilliant researches of Ross, which have been confirmed 
and extended by observers in all parts of the world, it 
is now known that these cells are sexual elements. The 
flagellated body represents tlie male cell or “ male 
gametocyto,” the flagella (“ gametes ”) being analogous 
to the spermatozoa of higher animals. The female 
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cells or female gametocvtes or gametes are non- 
flagellated, and are fertilised by the "entrance (if 
one of the flagella of a male gurnet or vie. * This 
fertilisation takes place in the stomach pniddlc intestine) 
of certain species oj mosipiiln, and after fertilisation 
a series of changes ensues resulting in the forma* 
tion of spore-like bodies, which are injected when 
the insect bites its victim, and tints the infection of 
fresh individuals with the malaria parasite takes place. 
The first demonstration of the nature of “ llagellated 
bodies” was given by Opie and MarCnHum on the 
llalteridinm, a parasite of pigeons (p. .Vai), and this 
forms a good example of the value of abstract research 
to practical medicine (see p. b.V>) . |{oss al-o followed 
the development of the malaria-like 1‘rnlt OMitna of 
sparrows, etc., in the mosquito, ('ah fnlitjans. The 
development of the malaria parasite of man in the 
mosquito is as follows, acrordinir to llo-s and Fielding- 
Onld. 1 It is not known what determines whether tin 
auuchtihi will become ;t spororxte or a garnet or \ te. 
When the sexual cells or “ gametoex tes " are ingested 
with the blood by tin- mosquito, thrv pass into the 
middle intestine. Within a fexx minutes the corpuscles 
enclosing them break down, the' parasites arc set free, 
and quickly become spherical or ovoid (Fig. <V.t, e, c, 
and J"). One or txvo spherical granules are often 
attached to the naked para-ites, and max represent 
polar bodies (Fig. ~dt, »• and fi. Very soon the malt! 
culls become flagellated (Fig. -V.*, c), and before long 
the flagella or “ iiiicrog'ametes " break away from the 
parent eel I, and by their own motility make their way 
through the liquor sanguinis. Should one come in 
contact with a female cell or “ imicrogamctc,” it fuses 
with the latter, uniting with the nucleus (Fig. 511,/), 

1 Thompson Yates Laboratories Itepurt, vul. iii, J»t. vul. ii, ltlol.p. 183. 

:35 
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fertilisation is completed, and a “ travelling verniicule ” 
or “ ookinet'” results; this passes into the outer wall of 
the iftosquito’s stomach, where it becomes encysted and 
forms a “zygote” (Fig. 60, a, b). At this period the 
zygote is about 7—8 ft in diameter. If development 
proceeds, it acquires a distinct capsule and begins to 



Fia. 



(to.—Development of the mnlnrin punusito jn the mosquito. 
(After Hubs nnd FieUling-Ould.) 


grow rapidly, and when mature at tlife end of a week 
or more, according to the temperature, is 60 ft in 
diameter, and projects into the body-cavity of the 
insect (Fig. 60, b). Its substance n£xt divides into 
eight to twelve portions, or “ zygotomeres,” then each 
zygotomere becomes a spherical body, or “ blastophore ” 
(Fig. 60, r), and each blastophore develops upon its 
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surface a number of spindle-shaped, radially disposed 
bodies, or “ zygotoblasts ” (Fig. 60, </). * When tlie 
zygote reaches maturity the blnstophores disappear, 
leaving its capsule packed with large numbers 
("thousands”) of free zygotoblasts. The capsule then 
ruptures, and the zygotoblasts are poured into the 



Jf'ia. 61.—Dijigmui of tin- iu-uxuiiI an<l hoxuiiI cycli's »f Hu* 
malaria parasite. 

body-cavity of the mosquito. The " blasts ” measure 
12—16 fi. in length, taper at each extremity, and possess 
a central nucleus (Fig. 60, e), stud they make their way 
to all parts of tile body of the host, and accumulate in 
the salivary or poison glands, whence they are 
discharged by the middle stylet (hypopliarynx) of the 
proboscis, when the insect “ bites,” into the circulation 
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of a fresh 0 vertebrate host. Here, presumably, the 
blasts become attached to erythrocytes and develop 
into amoebulte. The diagram 1 (Fig. 61) represents in 
graphic form the asexual and sexual cycles of repro¬ 
duction of the malaria parasite. 

So far as is known, malarial infection is convoyed 
only through the bito of infected mosquitoes of the 
sub-family Anophelinm. It has been repeatedly proved 
that infected mosquitoes convey infection, and that if 
mosquitoes be excluded human beings may live in tho 
most malarious districts without contracting the disease. 

Mosquitoes ( Cttliculw ) are distinguished from other mos- 
quito-liko insects by the fringe of scales on the wings. Tho 
common mosquitoes belong to the sub-family Cvlicinn\ The 
Anophelinm are usually less abundant (but there is great 
variation in different districts),and bite mainly at night; the 
females alone are blood-suckers. Some species breed in natural 
collections of stagnant, others in slowly running fresh, water 
well supplied with lowly forms of vegetable life. If the head 
of a mosquito be examined with a hand-lens, three sets or 
appendages will be noticed. In the middle is the stout pro¬ 
boscis containing the stinging and suctorial apparatus; 
situated at the base of this are two palpi, one on either side, 
and outside these again are two antenna;, which are more or 
less hairy. In Anophelimv, both male and female, the palpi 
are as long as the proboscis; in the female Culex (also in 
Stegomyia and many other genera) they are short and stumpy. 
Iu Anophelinm the scales on the veins of the wings are usually 
arranged ill alternating light and dark patches, giving a 
speckled or dappled appearance, different as a rule from 
anything seen in Culex. (Some Culices have a similar 
arrangement, and it is wanting in A. macnlipennie and bifur - 
cat us.) The front or costal margin of the wing .in Anophelinm 
is almost always marked with dark- blotches. Anopheles, as a 

1 This figure is reproduced by permission from Daniels’ laboratory 
Studies in Tropical Medicine (Dole, Sons & Danielsson, 1006). 
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whole, id a more slender insect than Cuh r, and wheu at rest, 
its body is all in one line, whereas Cities is augrtlar or hump- 
l>aeked. The important species known to carry mulaiin are 
Anopheles nuiculipennis ill Europe. N. Africa, and N. America, 
A. bifurcatns in Europe, Myzomyia fanext a and Vyretophorn* 
roxtali* in Central and W. Africa, and Cellia anjyrotarsi* in 
tropical America. Other species, e. g. Myzorhynchu* sinensis, 
Cellia Kochii, and others, an* less important carriers. 

(On Mosquitoes, see Theobald, Itrif. Muxiuin Monoyrapli, 
and Allbutt.'s System of Meit.. ed. 1 vol. ii. jit. 2: titles. 
Handbook of the (Inals and Mosyniloe* ; Ikiitiels. Laboratory 
Studies in Tropical Medicine, ed. U, 1908.) 

There tiro probiibly tit h*ast. three species of malaria 
parasite 1 occurring in the various types <>l malarial 
fever in man, though some authorities (<■.;/■ Ijtiveran) 
ri'gard the forms its \arietics of tt singh* species, and 
till* following are the dilVereiitial characters between 
them : 

(I) Jleuiijii i/narlnii fever (Kig. 0—). I he quartan 
parasite (diimnndiuia malarnr . completes its ase.Mtal 
lifc-cvcle in seventv-two hours; then* arc t wo complete 
days without tin attack, and recknninir the day ol tin* 
previous sittai'k, an attack occurs every lourtli day, 
hence the name “ quartan.” It commences as a small 
atuiebitla, which is feebly motile. It enlarges, becomes 
pigmented, ami motility ceases, the piirmeiit-granules 
being numerous and course. I In* parasite litiiilly 
occupies nearly the whole ol the corpuscle, which, 
however, is but little altered (a -d). 

Towards the end of the apyrexial oerioil the pig" 
nient collects in the cent tv, and segmentation lakes 
place with the .formation of a symmetrical reset te^(c), 
and afterwards of six to twelve spores {J ). I he 

• Hewlett, Trans. Fourteenth Interna'. Congress nf Hygiene, vol. ii, 
1008, p. 141. 
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^.^Plate XXXV., o).—The benign tertian parasite (Plasma- 
£?*f Un l t *® a ®) Completes its asexual life-cycle in forty- 
;> e^ht hours, an attaok occurring every other day, or, 
'reckoning the day of the previous attack, every third 
~»y. In the early stage it resembles the quartan, but 
rjifr®** rano ^ more active amoeboid movement. The 
■■i figment-granules are also finer than in the quartan, 
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P ^- ga ;7 ,rh 5 > qw*aa pawkdte: a, 6, e. i, unoebuln; 

■: !S 52 ?? te , l/ ’v ,r ?® *P ore V S, female gametocyte with eo^ 
OUted polar body; S. male gametooyte. (After Rees.) 


Ills * 


?«ftd in cessantly change their position. The parasite 
;i>alty invades the whole corpuscle, which becomes 
*^epiargt*(l and pale. Enlargement of the corpuscles is 
^ marked feature in the benign tertian infection (d). 

Segmentation takes place, but is unsymmetrioal fe), 
in 'the formation of a grape-like duster of' 
twenfc y *P opeB (/)• ’ kg in the quartan, no 
bodies are developed, and the gametocytes 
jyC sfanilar to, bnt v larger than, the quartan 
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ania maluria) (or parasites, for it has been divided 
into three species by the Italian observers, viz. the 
pigmented and the inipigincnted quotidian and the 




FiQ. 63. — The benign tertian parasite: 
<r, sporocyte; /'. free spores; <j. female 
called polar bodies; ft. male gninctor.v 


,i, ft, r, if, aimeliula 1 ; 
gumetoeyte with so¬ 
le. (After Itees.t 


malignant tertian, but this is not generally accepted 
is much smaller than the quartan or benign tertian, 
and when it reaches the stage of multiplication it. dis- 
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ii.fc.r.amrelmlH!; </. spf»ro- 


male gametocyte. 


( After Bees.) 


appears from (he peripheral Wood end collect. in the 
internal organe. epleen, liver, cerebral cp.lh.nw, and 
bone-marrow. It i. actively emmhoid, «« to eh."S. 
its position within the corpuscle, and the pigme 
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granules are very fine in tlie young parasites, but early 
aggregate into largo clumps. The fission forms (d, e) 
are only met with in the internal organs. Multiple 
infection of the corpuscles may also occur. The cor¬ 
puscles often suffer severely from the infection, some 
being shrivelled and spinous, others dark in colour, 
“brassy”; they may also'be altered or destroyed 
without being actually invaded by the parasite. It is 
in this form that the crescentic bodies appear 
These, however, are not met with at the very commence¬ 
ment of the attack, but. appear in a week or so, and may 
not disappear until some weeks after the termination 
oT the attack. This parasite is met with in the sub- 
tortiun, nr so-called malignant, types of fever, which are 
characterised by irregularity of the fever, considerable 
blood destruction, often accompanied by luenioglobin- 
nria, and cachexia ; coma is another complication in 
certain instances, probably caused by massing of the 
parasites in the cerebral capillaries. 

The cure of malaria b\ quinine is regarded as being 
due to a poisonous action on the parasites analogous to 
that exerted on numerous protozoa, anuebie, for 
example, being injuriously affected by so little as a 
L -50,000 solution of quinine hydrochlorate. 

No toxin can usually be demonstrated in the blood 
of those suffering from a malarial attack, but Jfosenau 
and his co-workers have found that the filtered blood, 
htkt'ft irhrii fhr trm/n’nihiiT ix rixhnj, produces a malaria- 
like paroxysm. 1 

A malaria-like parasite ( Phi*. Korhii ) occurs in apes, in 
which it produces fever. 

'J he nat ure of Black water fever, so tolled from the 
presence of lueniaturia ami homioglohinuria, lias given rise to 
much discussion. Bv some it is considered to lie a disease 
1 See Hewlett, lor. eit , p.'l-M. 
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»ui yeneri», of unknown ictiology. By others it is regarded 
us a form of malaria, either of an intense tyjs», or in which 
the kidneys are especially involved, or as due to malarial 
infection j)lu» quinine. It may he that under particular 
conditions, of the nature of which we are at present ignorant. 
Iiseinolysins may be set free and cause luctuolysis. the hlood- 
pigineut being eliminated by the kidneys. 1 


Clinical Examination. 

The blood of malarial patients may he examined either in 
the unstained or stained condition. 

Examination in the un*laini‘tt ronilition. The finger or lols* 
of the ear is pricked, and a droplet oi blood taken op on a 
clean cover-glass, which is then placed iqsm a slide, so that 
(hedroplet of blood spreads out into a thin layer in-tween tile 
two glasses. The cover-glass may then lie ring.- I with oil or 
vaseline to prevent evaporation. A little practice is required 
to judge the right quantity of blood. The preparation 

should lie examined with a .'..-inch oil-imi.. lens 

Examination in thrntaiunt comhtion. 1° pii‘pare stained 
specimens the finger or ear is pricked as liefore. and a droplet 
of blood taken up on a rover-glass: another covcr-gliisn is 
applied, and the two are separated so lliat «-a.-h is smeared 
with a thin film of blood . several an- prepared in this manner. 
Mttusoii recommends picking up a droplet of blood on an 
oblong slip of fine dean tissue or cigarette pa|s-r The 
charged surface of the pi|*-r is then applied t.. a clean glass 
slide; in a second or so the blood will have formed a (bin film 
Iictween the slide and the tissue paper Th-latter is then 
withdrawn, leaving a very thin film on the uhiss. mid may l- 
applied to a second s’ide. mid. in like manner, h. three or four 
in succession. A piece of giif(a-|s-rcha t issue may I- similarly 
used. Or a droplet of blood may Is- picked up on a slide 
near one end, and the edge of a second slide held at an angle 
of 45° lieing appli.il to it. the blood is sprea 1 by j,n»l,n,y the 
second slide over the first one. or tin* droplet of blood on a 

* See Hewlett, tor. '>* • !»■ 1 *>”»• 
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slide may be spread by touching it with a needle held flat on 
the slide and r drawn evenly along the surface of the slide. 
Whatever method is adopted, the film is allowed to dry in 
the air, and may then be fixed (not if Leisliman’s stain is 
-used) by heat, preferably at 110° C. for one hour, as over¬ 
heating ruins the preparations. It is much simpler and better 
to fix in a mixture of equal parts of absolute alcohol and 
ether for not less than ten minutes, preferably for half an 
hour; thiH gives excellent results. In but countries a 
saturated solution of corrosive sublimate may l>e used. The 
methods detailed at p. 99 may also be employed. 

As regards staining, this is usually carried out. with Lei&h- 
man’s stain (No. 13, p. 104). The blood films, unfixed, are 
flooded with a few drops (5-10) of the stain, which is spread 
by tilting, no attempt being made to cheek evaporation. After 
half a minute about double the quantity of distilled water is 
added, allowed to mix with t he. stain on the film, and staining 
is continued for five, or in some cases for ten, minutes. The 
film is then washed in distilled water, some of the water 
is allowed to remain on the film for one minute, and it is then 
dried and mounted. Jeimer’s or OHemsa's blood-stain may be 
similarly used. 

Staining may also l>e done in a half-saturated aqueous solu¬ 
tion of methylene-blue or in Loffler’s blue for half an hour, 
washing in water, and counter-staining with a very weak cosin 
solution for a few seconds, washing, drying, and mounting. 
Manson recommends treating the films with a very weak acetic 
acid—two or three drops to the ounce of water - to wash out 
the hmmoglobin, and. after washing, staining in the following 
solution for half a minute: 

.Borax.5 parts 

Methylene-blue .... 0 5 part 

Water ...... 100 parts 

washing, drying, and mounting in xylol ltalsam. 

Hematoxylin (Ehrlich's, or Mayer's luemulum) is preferable 
for permanent preparations, and in hot countries, where 
metliylene-blue rapidly fades. The preparations may be 
counter-stained with a weak solution of eosin. 
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Robs recommends for rapid diagnosis the use of thick blood 
films, from which the haemoglobin is first reiufbved with very 
dilute acetic acid ; the films are then stained with Leishman's 
stain, and examined with a J-inch objective. Practice is 
required for this method. 

In order to demonstrate the flagellatix! organism* Mnnson 
recommends the following procedure : Thirty or forty strips of 
thick hlotting-paiier (3 inches bv 1J inch), each having an 
oblong hole (J inch by * inch) cut lengthways in the centre, 
art* prepared. moistened with water, and laid on a sheet of 
window glass. A patient is seh*ct«*d in whose blood tin* 
crescentic form is plentiful, and a minute droplet of theblotsl, 
alxmt the size of a pin’s head, is expressed from a prick. A 
dean slide is then breathed on, ami the droplet ol blood picked 
up on it and spread out with a needle so as to cover an area 
j inch bv .'. inch. The slide is immediately inverted over a 
blotting-pajx*r cell and pressed down sufficiently to secure 
perfect apposition. The rest of the pajs*r cells art* similarly 
covered with blood-charged slides In from hall t*» three 
quarters of an hour the slides an* removed and dried by gentle 
warming, and then fixed with absolute alcohol lor five minutes. 
The alcohol is allowed to evaporate, and the films an* treated 
with a few drops of 1 js*r cent, acetic acid to dissolve out 
the haemoglobin. The slides arc then washed in water ami 
stained with w«*ak carlsil fuchsia < —<t |**r cent.) tor six to 
eight hours, wsslusl in water, dried, and mounted. 

Nil. Negative results in the examination for tlie malaria 
parasite must lie accepted with caution unless related. A 
single undoubted parasite is sufficient to establish the dia¬ 
gnosis. Quinine causes the disnp| tears lice of the parasite. 
The parasites in the sub-tertian fever disapjs*ar during the 
apyrexial intervals (except the crescent sy. and are most likely 
to lie found at the commencement of the attack i.e. when the 
temperature is rising. The parasites of the other forms are 
larger and more "obvious during the apyrexial intervals. 

[Por further particulars on Malaria and on the demonstra¬ 
tion of the malaria parasite, sis* Daniels Intborolnry Sindie* 
in Tropical Medicine, 1908.J 


























The Piroplasmata :,A7 

cells respectively, and the fertilisation of the female «.]| 
l>y a free flagellum has Wn actually • observed l.v 
MacCalluin. 1 It can hardly be doubted tliat'tliedevehw.meiit 
of the fertilised cells takes place in some insert, but the 
definitive host has not vet lieon discovered with certainty. 

The presence of these parasites induces rise of t cm |ierafure, 
deposition of melanin, aud changes in. and enlargement of, 
the spleen aud liver, analogous to those occurring in malaria 
in man. fhs Jfallrrit/imu parasite, according to Scbumlmii, 
is a stage in the life-cycle of a trypanosome (see p. . r >^:>). 

The Piroplasmata. - 

Syit. Pl/rimouiil. linhesin. 

Tlie Piroplasmata form a somewhat anomalous gnu-p, but 
are usually included in tin* Ilu'iuosporidia of the Sporo/oa. 
They differ from tin* Plamumlia in the tollowiug ivs|nm-Is: 
absence of pigment, non-fragmenting of the nucleolus, 
division into two or four only, and frequency of extra-corpus- 
cular forms. They eause many diseases in animals, are con¬ 
voyed by ticks, but are unknown in man. (A pirophisiua was 
descrilied as the causative organism of lioeky Mountain 
spotted fever by Wilson and Chowuing. but the observations 
tippoar to l>e erroneous, seep. . r >7. r >). The lmdy of a piroplasiua 
is typically pear-slia|»ed (Plate XXVI.. <»), but rounded and 
rod forms occur. Two nuclear masses are present, one larger 
than the other. 

The developmental cycle in the ticks has not lwen worked 
out., but Koch has observed peculiar raved forms with P. fcij/c- 
mlintin, and Christopher ' various developmental forms with 
P. ratlin. Miyajima states that a piroplasiua of Jiijsinese 
cattle (apparently P. jiumiin) in blood broth develops into 
typical trypanosome forms. 1 

1 Journ. Etper. Med., vol. iii, IMIS, J •]» 70, ton, 117. 

9 See Hewlett, 4T runs. tow-let'nth hilt root I 'on <j . of llytjicne, ltcrlin, 
vol. ii, IEOH, p. 140; Minchin in Allluitt's System of Uctl., ed. 2, vol. ii, 
pt. 2, p. 86. 

3 Brit. Med. Journ., 1007, vol. i, p. 70. 

4 Philippine Journ. of Science, vol. ii, 1008, p. 07. 



558 


Manual of Bacteriology 

Piroplasma bigeminum .—This is the parasite of the well- 
known Texas ffever of cattle, a disease which is characterised 
bv fever emaciation, aneemia, hamoglobinUria, and enlarge¬ 
ment of the liver and spleen. 

The disease causes considerable loss among ca'.tle, and is 
met with in various parts of the world, America, Australia, 
South Africa, Malaya, the Philippines, the Roman Campagna, 
Greece, Roumania, and North Ireland. 

In the acute type of the disease a small proportion (1-5 per 
cent.) of the red corpuscles in the peripheral circulation 
contain pairs of pyriform bodies 2 -4 p in length and 15-2 n 
in largest diameter. One end of each laxly is rounded, and 
the body gradually tapers to a point at the other end, and the 
pair lie close together, their tapering ends directed towards 
each other. A dark spherical l>ody is present at the rounded 
end of the parasite. 

Some of the young parasites exhibit amwboid movements 
when the blood is examined on a warm stage. In the internal 
organs the parasites are more numerous; in the kidney and 
liver 10-25 per cent, of the corpuscles contain them, in the 
heart-muscle 50 per cent. In the mild type 5-50 per cent, of 
the corpuscles in the circulating blood may be infected at one 
time or another, and the parasite appears in some cases as a 
coccus-like body at the periphery of the corpuscle. This 
appears to become enlarged and spindle-shaped, then to taper 
in the middle, divide, and so give rise to the pyriform bodies. 
Occasionally minute free coccoid bodies are seen in the plasma, 
and at times two to live minute (0 5 /i) coccoid cells are 
presell^ in the red cells. After death the pyriform bodies 
seem to become spherical or angular. 

Sexually differentiated gametes are not known with certainty, 
but flagellated forms have been described. 

The disease is transmitted through the bites of ticks (Rhipi- 
oephalus annnlatnt, R. anetralis). The female tick, after 
biting an infected ox and sucking its blood, falls off and lays 
its eggs; the eggs hatch in two to six weeks’ time, and the 
daughter ticks transmit the disease to other animala through 
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their bite*. 1 The disease mar be to some extent controlled by 
prophylactic measures designed to destroy the*tieks, and to 
prevent infection thereby. • 

A partial immunity is enjoyed after an attack of t he disease, 
but by repeated attacks the immunity may la* rendered 
absolute. By inoculation with the Itlood of an affected 
animal in which the fever has subsided, a transient illness in 
the inoculated animal is produced t igcthcr with partial 
immunity, aud by a second or third inoculation the immunity 
may be much increased. The mortality from such a pna-cdure 
amounts to 3-5 jierccnt.* 

P. par vii in causes Rhodesian red-water of cattle. It is not 
directly inoeulable. and is conveyed by the tick A*, uppmtli- 
rnlatH*. 

P. npii causes biliary fever in horses. 

P. ran in causes epidemic jaundice in dogs ( I’lute XXVI.. a). 
It is conveyed bv the ticks II:rimijiliifnaliu Irarhi ill South 
Africa, K. Hinn/iiiuriiii ill India, and Ih-rmarriitar ret ir alulae in 
Kurope* (On Ticks, see Nuttall. J»iirn. ll<aj hml. <*/ Piihlir 
Health, vol. xvi, lilOH, p. 3So.) 


Haemogregarina. 

The Hicinogregarines (which must Is- distinguished from 
the Gregarines) are uiipigmcnted parasites, not aino-boid, 
typically having iiu elongated body or vermicide, occurring in 
the blood, mostly in cold-blooded vertebrates ( Plate XXVI., b), 
but several species have of late Ih*ch loiiud in mammals (dog, 
jerboa, palm squirrel;, though not in man. In tin* dog, the 
parasite ( Leiieoeytozuon rani#) occurs as an elongated, curved 
or dottbled-up lnsly in the pol\morplnnuiclear leucocytes. It 
is encapsuled and contains a single granular nucleus. 

1 See Smilh and Kilbornc. Tenti or Southern Collie Fever, United 
States Dep. Agricuk. Bull. No. 1, 1H0:I. 

* See Tidswell. Report on Protect! re Inoculation wjinnet Tick Fever, 
New South Wales, Dep. Pub. Health, vol. i, lW*i vol. ii, UWO. 

* S™ Nuttall aud Urahaui-Sniith, Journ. of Hyjienc, vol. iv to viii, 
1004-S. 
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V Irocystment with spomlationoccur* in the bone-morrow, and 
asexual development is statedto occur in o tick. 

{Jfoejxwidivm* LankestereUa) ranarum 
. inhabits f|t)gs ( Ranh, etculenta'), and-possesses both an intra- 
}' “hd an extra-corpuscular phase. In the former the parasite 

V occurs as an elongated gregarine-like body within the red 
? corpuscles, which increases in size until its length is 10- 

16 /*; it then divides into numerous small or a few large 
gymnospores, In the first case the spores may number 
"fifty, are 3-5 /* in length, occur in May or June, and are 
delusively within the erythrocytes; in the latter case the 
spores measure 6-8 p in length, are five to fifteen in number, 
and develop within celh in the blood-fonning organs. The 
- extra-corpuscular phase, commencing within the corpuscles, 
ends in on elongated organism possessing a vermicular rnove- 
, ntent, and free in the plasma. Similar parasites are frequent 
in the lower vertebrates, e. g. snakes (Plate XXVI., b). 


Order.—Myxosporidia. 

In this group the trophozoite is amoeboid, and the species 
are almost exclusively parasites of fish, in the young stage 
being intra-cellular (“ fish psorosperms ”). 




Order.—Microsporidia. 

Thf Microsporidia are cell parasites of invertebrates, 
- especially anthropods, and the trophozoite is more or Iosb 
. amoeboid. 

Noaetna bombycis causes pubrine, a disease of silkwonhs, 
V ?kiqji “ of considerable importance commercially, for the silk 
| industry in France was once threatened with extinction owing 
|'tfcate,.»avages. The; worms do not grow normally, cease to 
Mjgit» e»d die, or form abnormal pupm. Within the body of 
affected worms a large number of roundish, highly 
!!&fr**tile corpuscles are found. Pasteur asoert&inedthat the 
i P ro P ft g a * ed by heathy worms eating with their 

gff oofrthe excreta of infected ones. ; ; The mothafwere thus 


1 : >r •' '-**#*& 


f jv\ 


•**7 . , ^ i- > .• .^ 







Pe&rine *61 

infected, and lftid infect^ eggs. By allowing mch tooth' to 
lay ita eggs separately, sad Subsequently examining the body 
of the moth microscopically, he liras able to, separata the 
healthy*from the diseased, £nd the eggs of the former*were 
kept, while those of the latter were destroyed. According to 
Pfeiffer, 1 when the worms eat the excreta eoutaiuiug the 
corpuscles mentioned above, these lose their capsule and form 
large*amoeboid masses which penetrate the muscles and blood- 
corpuscles. Tbe amoeboid masses then become eucapsuled 
and are yellow and granular. Later on tlie bright roundish 
corpuscles forth within them. 

Another disease of silkworms is known ns flacherie, but is 
due to a bocterium, Mierococcu* bom bye in. It is contagious, 
and can be transmitted by inoculation. 


Order.—Sarcosporidia. 

The parasites belonging to this order are not thoroughly 
worked out. They complete their life-history in the substance 
of striated muscular fibres : such are the well-known Miesclier s 
corpuscles. Few instances of this class of parasite are 
recorded in man, but it occurs in the monkey 9 and also in 
the ox. T. Smith 3 describes the characters and development 
of a species found in mice. 

1 ZeitBchr.f. Hyg., vol. iH, 1888, p. 3. 

* Do Kortf, Jours, of Hygiene, vol. v. 1005, p. 481. 

3 Jours. Super. Med., vol. vi. No. 1, 1001, p. 1. 
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CHAPTER XIX. 

Hcnrlet Fovor—Hydrophobia.— Infantile Paralysis —Typhus Fovor— 
Yellow Fovor -Donnuo- Phlohotomus Fovor—Viu-ciniii and 
Variola—Malignant Disease. 

Scarlet Fever. 

Vakious organisms lmvo boon described in scarlet 
fever—a bacillus by Eddington, a streptococcus by 
Friinkcl and Frcudenbcrg, protozoa by Mallory and 
others. The disease may be milk-borne, and in tin* 
historic Hendon outbreak a streptococcus was claimed 
by Klein to la* the specific infective agent, but the 
researches of Crookshank and others seem to disprove 
this. 

In 1885 an epidemic of scarlet fever occurred in 
Marylebone, and was traced to infection conveyed by 
milk supplied from a farm at Hendon. The infection 
coidd not be traced to any human source, and it was 
therefore concluded that, the cows themselves were 
nffectod with scarlet, fever, and infected the milk. 
A vesicular eruption was found on the udders and teats 
of the cows, and this was regarded as the local mani¬ 
festation of bovine scarlatina. From the vesicles and 
crusts Klein isolated a streptococcus which, although 
closely resembling the Streptococcus pyogenes (as then 
known), differed slightly from it,- on inoculation into 
calves it produced death, with lesions of the kidney 
resembling those of the human disease. Klein also 
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isolated the same streptococcus in five out of eleven 
cases of the disease in man. The conclusions which 
Klein and Power came to were, therefore, that soil riot 
fever is communicable to, and may exist in cows, the 
milk thereby becoming infected and conveying the 
disease to man, and that a streptococcus is the specific 
infective agent. 

The Hendon outbreak was reinvestigated by Axe 
and Crookshank. 1 Axt* found that, so far from there 
being no source of human infection, cases of scarlet 
fever had occurred near the dairy within a short time 
of the outbreak, and the eruptive disease of the cow 
was shown by Crookshank to be cow pox, while the so- 
called streptococcus of scarlet fever he regarded as a 
variety of the S. jit/oi/eiiry. The existence of bovine 
scarlet fever is entirely discredited by the veterinary 
profession, both here and on the Continent. 

Ill 1905) a milk-borne epidemic occurred in certain 
districts in London and Surrey, and was traced to milk 
derived from one farm. The outbreak was investigated 
and reported on by Hamer and Jones, who again 
traced it to infection of the cmis. Hunting* reviews 
the evidence and shows how little there is to support 
this conclusion, as there is no doubt that the family of 
one of the employees on the farm were suffering from 
scarlatina. 

Scarlatina seems to be inoculablc on the chimpanzee 
and some of the lower apes. 

Gordon* reinvestigated the bacteriology of scarlatina with 
special reference to the Strejitnrorrim ernrlntinjr or row- 
glnmrrntu* of Klein. He found that this organism differs 

• 

1 On the Hendon outbreak, see Trant. Path. #■><■. /,«»>! . IHHH (Kefs.). 

* Joum. Roy. Sanitary Inti.. vol. xxxii, Hill. p. 02. 

* (a) Rep. Med. Of. toe. Oor. Board for 1HUH-MI, p. 4SO; (h) ihid. 
for 18W-1HOO, p. 385. 
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distinctly in its cultural characters from other varieties of 
streptococci, aftd that it occurs constantly in the mucous 
secretin on the surface of the tonsils and fauces and in the 
nasal, hut not in the aural, discharge in scarlatina. It is 
also present in a somewhat modified form in the blood and 
tissues post mortem. It was not found in four non-scarlatinal 
throats examined. Gordon concluded, therefore, that the H. 
Hrarlnthuv or r.oinjlovieratux is the “ specialised and essential 
agent” of scarlatina. It. is pathogenic to mice. 

Cmnpston 1 investigated the biological characters of 101 
streptococci isolated from scarlet, fever, applying Gordon’s 
tests (p. 248). The majority corresponded with the »V. Ioihjhh 
type. 

Baginskv and Sominerfeld, Class and Jatpies also isolated 
streptocoreoid organisms in scarlatina, but they possessed no 
very distinctive cultural characters. 

It stems very doubtful if streptococci are the etiological 
agents in scarlet fever; they are probably secondary infective 
agents. It is remarkable how frequently diphtheria com¬ 
plicates scarlatina. 

Mallory detected small bodies, 2 -7 /a in diameter, staining 
delicately but sharply with methylene-blue, and occurring in 
and l>e tween the epithelial cells of the epidermis and in the 
lymph-vessels and spaces of the corium. He regards these as 
protozoa, but others consider them to Ik* degenerated leuco¬ 
cytes. 

The blood in the* early stages of scarlatina gives the 
Wassermann reaction (p. 531). 

Hydrophobia. 7 

Uyd rophobia attacking man is invariably contracted 
through the bite of an animal affected with the disease. 
In the lower animals the disease is termed rabies, and is 
most frequent in the dog, but the cat, wolf, and deer 

1 Jnurn. of Ityij., vol. vii, 11107, p. .7111). 

• See Stanley, Journ of Hyg., vol. i. No. 2, ltWl, p. 260; Marie, in 
Rogf, 1901 ; Scientific Me moire Gov. of Intlia. Nos. 20 and -14. 
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are also subject to it, ami other animals can be infected 
by inoculation. The disease may ussuuu f two forms— 
the raging or the paralytic. The latter is not nity with 
in man, unless certain rare forms of acute ascending 
paralysis (e. y. Landry’s) be manifestations of it. In 
the dog either may occur, but in rodents the paralytic 
form is almost always the one assumed, in man the 
incubation period is very variable; it is netrr less than 
about twenty days, and possibh may be as long ils (wo 
years, or even more ; the average seems to be about 
ten weeks. In the rabbit, after moral.iti>ni from the 
dog, tint incubation period is about two to three 
weeks. 

'Pile virus resides in the central nervous '.istcni, ;is 
was shown by I’astern*. Inoculation with emulsions 
prepared from the medulla and with the saliva conveys 
the disease, but the jilhrril emulsions are usually 
inactive, and the other tissue' ami fluid' of the body, 
excepting the lacrimals and siiprareuals, are lion- 
infective. 

liemlinger 1 has found that alter very complete 
trituration the virus may pa" through a porcelain 
filter. 

Xo micro-organism has been demonstrated with 
certainty in rabies. Negri Ini' described the constant 
presence of structures—the Negri bodies particularly 
ill the grey matter of the hippocampus major, which he 
regards as protozoa. Thc\ are ol \ar\ing size, 
apparently eneapsiiled, taking a homogeneous purplish 
colour ill smears stained with eosin and methylene-blue, 
the smallest spherical and structureless, larger ones 
with a centn>i granule or nucleus, the largest, round, 
ovoid or elongated, containing several 'as many as 
eight) granules (Fig. tin). They occur abundantly in 
• Hull. >lc l hut. /*.(»/.00, iv, mot. |I. :ul\ 
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animals suffering from chronic rabies, but in the acute 
type are scanty, though still to be found; in “ fixed 
viru%” (p. 567) they are very small. So constantly are 
tho Negri bodies present in rabies, and absent in non- 
rabic conditions, that their presence or absence forms a 
rapid and simple means of diagnosis. 1 

Babes states that tho virus is destroyed at a tempera¬ 
ture of 60° C., but the medulla and other infective 


6 



Kiu. Ho.—Smear front liippucampiis nmjor of rabid dog: n, 
nucleus of ncrvc-coll; h. h, tin* Negri bullion (rosin and 
methylene-blue). (Aflor Williams and Lowdeu.) 


maturial retain their virulence for months in glycerin. 
He has described certain lesions present in the medulla 
in cases of rabies, the so-called cubic tubercles. These 
consist of an invasion of the peri-ganglionic spaces by 
an accumulation of round-cells, with degeneration of 
the cells of the bulbar nuclei. 

Van Oehuchteu has described as pathognomonic of 
rabies certain lesions in the sympathetic and cerebro¬ 
spinal ganglia, especially those of the pneuino-gastric. 

1 See Williams and Lowdon, Juttrn. Infect. Di feme*, vol. iii, 11)06, 
p. 452 . 
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These ganglia consist normally of a supporting tissue 
holding in its meshes largo ganglionic cells with 
distinct well-staining nuclei, each being enclosed in a 
capsule lined with endothelium. The changes in rabies 
consist in atrophy of the ganglionic cells, which become 
shrunken and no longer fill the enclosing capsule, and 
their nuclei at the same time become ill-defined and 
stain badly. A number of new-formed cells also 
appear within the ganglionic capsules. Itnvenol and 
McCarthy studied twenty-eight cases of rabies in 
various animals, and consider that these capsular ami 
cellular changes in the ganglia, taken in conjunction 
with the clinical manifestations, afford a rapid and 
trustworthy means of diagnosis of rabies, but that tin* 
absence of these changes does not necessarily imply 
that rabies is not present. They also consider that 
the rabic tubercle of Italics is present siillicienlly olteii 
to furnish valuable assistance in cases where the 
central nervous system only is obtainable. 1 

Pasteur showed that the virus can be attenuated by 
desiccating the infective nerve matter, and in this way 
was able to prepare a vaccine which protects animals 
from otherwise fatal doses of the virus. Advancing a 
step further, he used his vaccines to treat individuals 
who had been bitten by rabid animals, but in whom the 
symptoms had not yet developed, and so inaugurated 
the present system of anti-rabic inoculation as carried 
out at the Pasteur and other institutes. 

To prepare the anti-rabic vaccines, a rabbit is 
inoculated subdurally with an emulsion made from the 
medulla of a rabid dog. When the animal dies, a 
second rabbit as similarly inoculated from the first, and 
the passage through rabbits is continued until a “fixed 

1 See Jour*. Compar. Pathol, and Therapcut, vol. xiv, pt. i, 1U01 
p. 37. 
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virus is obtained, with which the first symptoms appear 
on the sevc/hth or eighth day, and which kills with 
certainty in about ten days. This having been attained, 
two or three rabbits are inoculated subdurally every 
day, so that there is a daily supply of animals dead of 
the disease. The spinal cord is removed with aseptic 
precautions, cut into convenient segments, and suspended 
in bell jars containing a layer of caustic potash at the 
bottom, which serves to desiccate them. The jars are 
dated, and preserved in glass cases in a dark room, 
kept at a constant temperature of about 23° C. in 
Paris the vaccino fluids are prepared by triturating 
portions of the dried cords in sterile broth, so as to 
form an emulsion—1 cm. of cord in 5 c.c. of sterile 
broth, of which 1 c.c. (/’. e. 2 mm. of cord) forms a 
single dose. At the commencement of treatment the 
cowls which have been dried for fourteen days are used, 
at the end of treatment those which have been dried 
for only three days; the latter are much more virulent, 
and would communicate the disease but for the previous 
treatment. The rabbits employed should all be of the 
same weight (2| kilogrammes in Paris) ; if the rabbits 
are small, a slightly shorter period of desiccation of tho 
cords would be necessary. The treatment varies in 
duration according to the severity of the case, which is 
gauged by the number and situation of the bites and 
by tho species of animal. Hites on exposed parts are 
regarded as much more serious than those through 
clothing, and on the face, where efficient treatment is 
difficult, than on the hands, and wolf-bites than 
dog-liites. 

The doses are injected subcutaneously in the flank, 
and do not produce much constitutional disturbance. 
At first there is a feeling of lassitude, and considerable 
muscular tenderness at the sent of inoculation, which 
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lutor oil passes off. At Lille, where there are only a 
few cases under treatment at a time, tlit* cords, after 
drying for the requisite period, are placed in*pure 

sterile glycerin. In this they retain their virulence 

unimpaired for about a month. This method does 

away with the necessity for tin* daily inoculation of 
rabbits, a rabbit being inoculated occasionally ns 

required. The system of dosage employed at the 
various anti-rabic stations differs somewhat; the 
following is that employed at Lille, 2 nun <• t cord being 
cmnlsilicd in ■"> c.e. of sterile broth, or physiological 
salt solution : 
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At Ibida-l’esth a dilution method has been employed ; 
instead of drying the cords, an emulsion is made with 
the fresh cord, and this emulsion is considerably diluted 
for the earlier doses, dilutions of I in It),<)()() to I in 
0000, corresponding to cords dried for from fourteen to 
eight days. Other s\ steins of inoculation have also 
been proposed. 

Undoubtedly the Pasteur iuociilalions will protect 
animals from ijghics, the duration of immunity after 
vaccination in the dog being at least three years. In 
mail the efficacy of the treatment can only In* judged 
by statistics. The mortality after bites by supposed 
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rabid animals is variously stated, the most favourable 
being about Id per cent. (Leblanc). At the Pasteur 
Institute, Paris, among 2730 cases treated in which the 
animal which inflicted the bites was proved to be rabid 
by inoculation experiments, nineteen deaths occurred— 
a mortality of 0*7 per eout. In 1905, 727 cases were 
treated, with three deaths; in 1906, 772 cases, with 
one death ; in 1907, 736 cases, with three deaths, being 
mortalities of 0’41,0*13, and 0'38 per cent, respectively. 

The failure of the treatment may be due to two 
cuusos: (1) delay in its commencement, and (2) a short 
incubation period. The principle of the treatment 
probably depends upon tho long incubution period of 
tho disease, owing to which it is possible to forestall 
the disease, and to immunise the body by the inocula¬ 
tions before its onset. If, unfortunately, tho infective 
material should bo very virulent, and tho incubation 
period thereby reduced to tho lower limit, it inay be 
impossible to do this before the onset of the disease, 
and the same is the case if the commencement of tho 
treatment bo delayed. Pasteur’s system of inoculation 
is useless when the disease has declared itself. 

Uy vaccinating animals by the Pasteur method by a 
long series of injections, and with the most virulent 
materia], tho blood-serum acquires “ anti-” properties, 
and this “ auti-rubic ” serum is said to be of service in 
tho treatment of the declared disease. 

Variations from typical rubies have been described both iu 
animals and in man under such names as “ chronic rabies.” 
“ abortive rabies.,” etc. Harvey, Carter, and Acton* describe 
a spontaneous disease iu dogs due to a general infection with 
B. pyocyanena, which closely simulates rabies. By subdural 
inoculation tho disease is reproduced in rabbits, with paresis 

1 Veterinary Record, July 22nd, lull, p. 57. 
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Diagnosis of Rabies 

of the luiul lege and death in from sixteen to twenty-one 
days. The Negri bodies are absent, the course *f the disease 
differs somewhat front rabies, ami the If. pyuryaw'n* can l*» 
isolated front the brain aud blood. * 

Diagnosis of Rabies. 

In a ease of suspected rubies in a dog the .iniiiiiil should 
nut lie killed immediately, but should l>e kept under observa¬ 
tion until it dies, or for three or four weeks, and then killed. 

1. Moderately thin smears on slides are made from (u) the 
cortex in the region of the fissure of Rolando (tin 1 crucial 
sulcus in the dog), ( h ) the hippocampus major, (»*> the 
cerebellum. They uro dried in tin* air, fixed for five minutes 
iu methyl alcohol, and then stained in weak tiiemsa (1 drop 
stain, 1 e.e. distilled water; with 1 drop of 1 js*r cent, 
potassium carbonate solution to every 10 e.e. of the dilute 
stain) for three hours. The st lined films are then washed in 
running tap-water for one to three minutes, dried with filter- 
paper. and examined for the Negri bodies. 

Or the moist films may be fixi-d in methyl alcohol, and 
without drying stained for one minute in a mixture of 10 e.e.. 
distilled water, 8 drops of a saturated alcoholic solution of 
basic fuclisin, and 2 c.c. ot I/btHcr s methylene blue. kosiu- 
methylene-blue mixtures may also Is 1 used. 

The cytoplasm of the lsslies stains orange, pink, nil. or 
magenta, the central nuclei are granular, and npjiear bluish 
or purplish. 

2. If the Negri Indies cannot lie detected inoculation 
should'be performed. The brain should la* removed as soon 
as possible, and if it cannot l>e manipulated immediately, 
should be placed in sterile glycerin. From the middle of the 
floor of the fourth ventricle a small piece alwut the sire of a 
pea is removed ; this is triturated and thoroughly emulsified 
iu a sterile watch-glass by means of a sterile glass rod with a 
bulbous end, a little sterile broth being used to make the 
emulsion, and sufficient being added to measure alniut 10 c.c. 
The hair on the head of a good-sized rabbit is cut close, the 
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animal is anaesthetised with ether, the skin on the scalp reflected 
and a trephhie hole made through the skull. The centre of 
the trephine hole should he in the middle line, and on the line 
drawn between the posterior corners of the eyes, the diameter 
of the trephine being about inch. A little of the emulsion 
is drawn up in a small syringe, having a fine needle, and two 
or three drops are injected beneath the dura mater. The 
operation is carried out with antiseptic precautions, the wound 
closed, and a little wool and collodion dressing applied. 

If the material injected be from a rabid animal, the first, 
symptoms will be noticed in frun ten to fourteen days. The 
inoculated animal loses control over its hind legs and throws 
them about peculiarly when running. This increases, and in 
another day or so the animal is apt to fall when running, and 
in another day or two the hinder extremities become paralytic, 
and the animal is unable to move, and dies shortly. The 
onset of symptoms is hardly ever delayed lieyond twenty-one 
days. • 

Van ( fehnrhten'n method The ganglion is placed in abso¬ 
lute alcohol for twelve hours, the alcohol Is-ing changed 
once; it is then emls-ilded, and sections are cut. These are 
stained for five minutes in Nissl's met by lent--blue ami 
mounted. (Jr the matt-rial may In- fixed in 10 per cent, 
formalin Itcforc staining. The capsular changes are best 
shown by staining with hu-matoxyliii and cosin. 

Itabe* method. A piece of the medulla or cord is hardened 
in alcohol ami stained with aniliti red, ami sections me 
prepared. 


Infantile Paralysis . 1 

Infantile paralysis or neute anterior poliomyelitis 
occurs sporadically and also in epidemics. 

Various organisms have been described in this disease, 
but recent researches, particularly l»y‘ Levaditi, Lnud- 

1 See Leviutiti, Journ. Roy. I net. of Public Health, vol. xix, 1011, pp. 1 
and UTi (Hibliog.); Flc-xm-r anil others, Journ. Amtr. MetI. Awe., 
1910-1011. 
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steiner, and Flexner, have proved that the virus is 
a filter-passer. * 

Injection of emulsions of the affected cord into* t ho 
bruin, spinal cord, peritoneal cavity, and blood-stream 
of monkeys reproduces the disease with the same 
clinical and pathological features as in man. The 
disease can be carried on from monkey to monkey by 
inoculation, but does not seem to be transmissible to 
other animals. The salivan and some of the lymphatic 
glands contain the virus. 

Flexner has observed a cast 1 of spontaneous infection 
in the monkey, and found that the nnso-pharyngenl 
mucosa is infective, so that this is probabh the channel 
of infection in man. Human cerebi o->-pinal fluid was not 
found infective in some instances, but monkey cerebro¬ 
spinal fluid is infective (infeeti\ity in this case may 
depend on the stage of the disease). 

Human ascitic fluid inoculated with the filtered fluid 
from emulsions of cord became turbid, but no organism 
could be detected microscopically. Monkeys which 
have recovered from an attack are refractor) to inocula¬ 
tion. A certain degree of active immunity may be 
established b}' subcutaneous injection of the virus. 
The serum of immunised and recovered animnls 
possesses considerable neutralising power for the virus. 
Attempts are now being made to prepare a curative 
serum. 

Some cases of the acute ascending paralysis of 
Landry may be forms of this disease (see also p. otlb). 

Buzzard, from a case of the latter disease, isolated a 
coccus which induced a rapidly spreading palsy on 
subdural inocuiittion into rabbits. 
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Typhus Fever . 1 

Jfhny organisms have been described in this disease. 
Nicolle, in Tunis, has found that typhus fever of man is 
communicable to the chimpanzee by inoculation and 
from the anthropoid to the Chinese bonnet monkey. 
Nicolle and Conseil have found it possible directly to ■ 
infect the Macacua amicus and rhesus monkeys from 
human cases. 

Nicolle ascertained that the blood is virulent from 
the commencement of infection and continues so until 
the day after the temperature becomes normal. The 
dog and rat are quite refractory. The disease appears 
to be transmitted by the body-louse (P. vestimenti ), not 
by the flea, as suggested by Matthew Hay. 

The blood from a mild case does not produce 
immunity on injection, nor does a mild attack itself 
induce any appreciable immunity. On the other hand 
a sovore infection induces* considerable immunity. 
Nicolle and Jioggy have not detected any microbe in 
affected persons or animals. As the polymorphonuclear 
leucooytes suffer considerably during the attack, under¬ 
going fragmentation of the nucleus and necrosis, it is 
suggested that the micro-organism may be intra- 
leucoeytic. 

Other researches have been carried out in America 
on the typhus of Mexico, known locally ns “TabardSUo.” 
Anderson and Goldberger first showed that the Macaws 
rhesus monkey could be directly infected with Mexican 
typhus, llicketts and Wilder hare confirmed this, and 
find that typhus blood is not infective if passed th^Qpgh 
a Berkefeld filter, indicating that the micro-organism is 
of appreciable size. They also find that the disease is 
eonveyed by the body-louse, and, moreover, that the* 
1 See Hewlett, Practitioner, July, 1911, p. 119 (Ref#.). 
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infection is hereditary in the louse, the second genera¬ 
tion of lice derived from infected lice apparently being 
still infective. Neither bugs nor fleas eonveyeif.the 
disease. 

In the blood of typhus patients Ricketts and Wilder 
detected a small bacillus, measuring 2/» in length by 
0"6/i in breadth, tending t<» stain at tin* poll's and 
belonging to the group of the lueinorrhugic scpticnnnic 
bncteria. It is not numerous, and is found from the 
seventh to the twelfth day of the disease. It is also 
found in infected lice, but could not be cultivated. A 
similar micro-organism was also observed in Mexican 
tvplius blood by CSavino and (Hirard, and bv Campbell, 
and the latter also finds that the blood is not infective 
if passed through a Chamberlain! K filter. 

Ricketts and Wilder also discuss the relationship 
between typhus fever and Rocky Mountain spotted 
fever. 1 Some years ago Wilson and Chowning made 
observations on a typhus-like fever occurring in limited 
tracts of country near the Rocky Mountains unil 
ascribed it to a rim^laxma. Subsequent research, 
however, failed to confirm this, though the disease 
appears to be conveyed by a tick, and not by fleas, 
lice, etc. There are clinical differences between typhus 
and Reeky Mountain spotted fever; moreover, the 
guinea-pig is susceptible to the spotted fever but not 
to typhus, and a monkey immunised to typhus is 
susceptible to spotted fever. Ricketts believes that the 
spotted fever is due to a bacillus which can be found 
in the ovary of the tick and is agglutinated by the 
. serum in dilutions of 1—500. 

‘Cathoire ha* made observations onj complement 
fixation *in typhus. Using as an antigen an alcoholic 

■' t The name is an unfortunate one, for this iliaroao is quite distinct 
from " spotted fever ”—epidemic cerebro-spinal meningitis. 
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extract of typhus spleen, marked complement fixation 
was obtained with the serum of typhus cases. 

Yellow Fever. 

As far back as 1889 Sternberg described a bacillus 
—“Bacillus X” —in yellow fever, a facultative anaerobic 
organism, very pathogenic to rabbits. In 1897 Sanarelli 1 
described his Bacillus ictcra'idcs, which later investi¬ 
gation has proved to be an organism belonging to the 
Gartner group (see p. -191). 

Reed and Carroll" critically examined the B. icterdidcs 
and its relation to yellow fever. Their conclusions 
were that the Bacillus X belongs to the colon group, 
the II. icterdidcs to the Giirtner group, that the 
B. icterdidcs and hog-cholera bacillus produce the same 
lesions in animals and mutually protect against each other, 
that the B. ic ter aides causes in swine all the symptoms 
and lesions of hog cholera, and that the blood of hog 
cholera agglutinates the II. icteruides in a much more 
marked degree than does the blood of yellow fever. 

Rood, Carroll, and Agramonte, 3 having thus shown 
the ■ retiologicnl position of the B. ictero'ides to be 
untenable, directed their attention to the transference 
of yellow fever through the agency of mosquitoes. 
Finlay, of Havanah, suggested many years ago that 
yellow fever might be propagated through the inter¬ 
mediary of a mosquito— Sfpyomijia calapns ( Jasciatn ) — 
and with this species these investigators worked. 
They allowed mosquitoes to bite yellow-fever patients 
at various stages of the disease, and the infected 
mosquitoes were subsequently allowed „to bite eleven 

1 ytun. de I'Inst. Pasteur, xi, 1807, pp. 443, 073, and 753. 

* Journ. Super. Metl., vol. v. pt. iii, p. 215. 

- 1 Philt ul. Med. Journ., October 27, 1000, p. 700. 
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individuals, two of whom contracted yellow fever. . It 
is true this is not a very convincing experiment, but it 
is to be noted that during the period of lifty-seven^lays 
among a population of 14-00 non-imniuiic America ns there 
were only three eases of yellow lexer, and that two of 
these had been bitten by contaminated mosquitoes within 
live days of the commencement of their attacks. The 
matter was put to the further test of experiment in the 
folloxviug manner. 1 Under the same observers a camp 
Wits established xvitli several tents each occupied by one 
t«» three noil-immune individuals, and precautions were 
taken to prevent the introduction of xclloxv fexer from 
outside. Five individuals xxerc bitten by infected 
mosquitoes, and four out of the fixe contracted yclloxv 
fever, no other occupants of the camp being attacked 
by the disease. .Subsequently several iiou-iminiimc 
individuals were exposed to xclloxx fexer infection from 
soiled linen, yclloxv-fever discharges, etc., in a mosquito- 
proof hut from xvliich mosquitoes xxere excluded, xvitli 
entirely negative results. These experiments prove, 
therefore, that yclloxv fever is conveyed bv mosquitoes 
only, and further work by Americans and Cubans, and 
by French and Jlra/.ilian Commissions, haxe entirely 
confirmed these researches and conclusions. It has 
been found that to coiixey infection, it is necessary lor 
the mosquitoes to bite the patient during the first three 
or four days of the illness, but they do not become 
infective until about the twelfth day alter feeding, ami 
then retain their infectivity indefinitely. All these 
faets point to a protozoon as being the causative 
organism, but none has been found xvitli certainty. 

The Americium have shown that the blood-serum 
after filtration through a porcelain filter is still infective ; 
the organism, therefore, is probably ultra-microscopic, 
1 Jourm. Amur. Med. A woe., February ltttli, 1001, |>. 431. 

37 
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.suit's filled with beef broth with glycerinatod vaccine 
lymph, in which tlio extraneous organisms had died out, 
an<l inserting in the peritoneal cavity of rabbits, 
observed zoogloca masses made up of bodies resembling 
spores which he regards as the resting stage of the 
specific microbe. 

l)e Korte finds that the vesicles, both in variola and 
in vaccinia, arc sterile before maturation, and regards 
t.lio bacterial forms that have been isolated as secondary 
infections. 

The failure to isolate a bacterial form has induced 
many observers to seek for a parasitic protozoon in 
variola and vaccinia. Ij. Pfeiffer in 1887 observed 
roundish or ovoid bodies in the lymph in both diseases, 
which he regarded as sporozoa. (luarnieri found small 
bodies, about half the size of the nucleus, in the 
epithelial cells of the skin in the prepnstular stage of 
variola (Cy tor yet ex vitriol;v) . Small shining amccboid 
bodies were also noticed in the epithelial cells of the 
cornea; of guinea-pigs inoculated with vaccine lymph. 
Ji. Pfeiffer confirmed (iuuruicri’s work, and also 
described these aineebiform parasites in the blood in 
variola and vaccinia, and of vaccinated calves. 
J. Clarke, ami liuffcr and IMimmer in this country 
described somewhat similar appearances, Buffer and 
Plimiuer describe the supposed protozoon as a small 
round body, about 8 jx in diameter, lying within a 
clear vacuole in the protoplasm of the epithelial cell. 

Councilman, M agartli, Brinkerkoff, Tyzzer, and 
Calkins 1 in America have found the Guarnieri body 
in variola and vaccinia in man and animals, and regard 
it ns a protozoon and the causal* agent of these 
diseases. 

1 Journ. Ifed. Reeearch, vol. xi, p. 173; Philippine Joum. of 

Science, vol. i, 1006, p. 238. 
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Ogata fonnd bodies which he regards as parasitic 
protozoa and the causative agent of the‘disease in 
variolous and vaccine lymph. Heed likewise absolved 
small granular amoeboid bodies having a diameter of 
about one third that of a red blood-corpuscle, similar 
apparently to those described by L. Pfeiffer, in the 
blood of vaccinated children and monkeys, but also 
observed them—and this is important—occasionally in 
the blood of normal children and monkeys. 

Funck, Roger and Weil, ami Calmette 1 have also 
observed various bodies and retractile granules in lymph. 
The monkey and rabbit are both susceptible to 
vaccinia; in the latter animal the pustules are mature 
on the third day and immunity is acquired by the 
sixth day. 

Forroni and Massari state that appearances similar 
to those described by (iuurnicri can be obtained in 
cornea* inflamed by croton oil or Indian ink, and there¬ 
fore believe that the so-called parasites are derived 
from the nuclei or from emigrated leucocytes. Salmon 
considers that the so-called parasites in vaccinia and 
variola are more or loss condensed balls of chromatin 
of extra-epithelial origin derived from the migratory 
polynuclear leucocytes. According to von I’rowazch 
these cell inclusions (the (luarnieri bodies, etc.) in this 
and other conditions (r. i/. scarlatina) are not parasites, 
but consist of plastin and nuclease, ami are derived 
from the cells in which they occur. 

De Korte 5 has observed in the variolous and vaccine 
vesicles before maturation large atmeboid bodies (lOp,), 
which he believes to be protozoa (Sjmriilinvi vaccinal?). 
In vaccine lymph refractile motile granules occur in 
abundance, believed by J)e Korte to be spores. 

1 Ahh. ile I'lmt. Paeteur. xv. IWlt, No. 3. p. 1HI. 

* Tram. Path. Soe. tomt., v«l. Ivi. ItlO.'i, p. 172. 



•582 Manual of Bacteriology 

The relationship of vaccinia to variola has been a 
verjj vexed question.' With few exceptions (Ceely, 
Hiifte, Simpson, Klein, Kill}', Copeman) attempts to 
inoculate variola on the calf have* failed. In the 
successful cases the lymph obtained from the calf has, 
on inoculation upon children, produced typical vaccinia 
without any untoward results. The positive results 
obtained by the inoculation of variolous material being 
so few, a doubt arises whether in these cases there 
may not have been some fallacy, such as accidental 
contamination with vaccinia. Simpson, however, per¬ 
formed his experiments within the precincts of a 
smallpox hospital and away from possible vaccine 
infection, and Copeman 1 found that variola may be 
readily inoculated upon monkeys, and after several 
passages through these animals is easily iiioculalde 
upon the calf. He suggests, therefore, that vaccinia 
in the calf was originally due to infection with 
■inncnhitol smallpox, so prevalent at the time of .Tenner’s 
discovery. A somewhat parallel instance of the attenua¬ 
tion of a virus by passage through another animal is 
recorded by Sticker and Marx in the case of birdpox, 
which produces an extensive smallpox-like eruption in 
fowls and pigeons. In fowls and in pigeons the virus 
retains its pathogenic properties for each bird unaltered 
for any number of inoculations, but the pigeon strain, 
after a few inoculations into fowls, completely loses its 
virulence for the pigeon. There seems little doubt, 
therefore, that vaccinia is modified variola, and the 
rationale of vaccination rests upon a scientific basis. 

The preparation of vaccine lymph is fully deserilicd by 
niaxall. 3 Calves an* vaccinated with lymph under aseptic 
precautions, and five days later the contents of the vesicles are 

1 Bril. Hut. Jours., I« *l. vot. i, p. 113*, unit 1901. vol. ii, p. 173B. 

* R*l>. Sttii. Of. L or. dor. Htuirti for 1N9H-99, p. 35. 
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scrape*! off, the pulp is triturated in a machine, and is then 
placed in six times its weight of sterilised .10 |W rent. pmv 
glycerin in distilled water, and stored for ahout a month in 
test-tubes, uutil agar cultivations show that extraneous 
Isieteria have died out, when it is issued for use. Ii remains 
very active for fifty to sixty days, after which it U>gius to 
deteriorate. 

Green’ rapidly prepares vaccine lymph by killing off the 
extraneous organisms with chloroform vapour. 

Malignant Disease. 

The analogies between carcinoma and sarcoma ami many 
infective diseases have led investigators to search for micro¬ 
organisms in these conditions. 

Bacteria have been repeatedly looked for, but Hhattock was 
unable to isolate any bacterial form from malignant disease. 
I>oyen has isolated a micrococcus (.If. p. a-W). 

hut his result* are not accepted. 

A great imjsdiis was given to tin* study of parasites in 
malignant disease by tin* publication of a paj<**r bv Russell. 
He observed, by certain methods of staining, small corpuscles 
within the epithelial cells. They were spherical ill sluv|te, 
4 to 10 /i in diameter, occurring singly or hi groups, were 
apparently homogeneous, and surrounded by a capsule. 
Russell regarded flies** structures as lielongiug to the 
“sprouting fungi” (Blastomycetes), and they have sine** 
lieen known by the name of ** fuchsia bodies ” or “ Russell's 
corpuscles.” 

Subsequently structures were observed within the epithelial 
cells of carcinoma which wore regarded by many investigators 
as parasitic protozoa.- These structures are round or ovoid, 
to 10/a in diameter, with a very distinct outline, as 
though eiicapsulcd, and clear refract ile contents in which is a 
smaller body of variable size analogous ♦<» a nucleus (Fig. 
60, a). Occasioluilly the refract ile contents present a radial 
striatiou or a granulation. 

1 Rep. Med. Of. W. Oor. Board for 15l*sM»l. p. <K»!> 

s See Suffer and Walker, Jon rn. Path, and liael., v»l. i, 1WKI, p. 3W3. 



584 


Manual of Bacteriology 


These bodies are usually single, but may number as many 
as eight or tbn, and sometimes they invade the epithelial 
nucleus. The Ruffor's or Pliinmer’s body, however, is a 
structure probably analogous to the arclioplastic vesicle of the 
cells of reproductive tissue (Pig. 66, b). Save for the presence 
of these structures, there is no proof that protozoa are present 
in, or are the cause of, carcinoma. 

Another hypothesis of the nature of malignant disease 
is that it is due to a blastomycetic infection (see p. 488). 

Washlioiirn and others have observed infective venereal 
tumours in dogs. These have Ikmmi stated to be sarcomata, 
but are probably granuloinata. 



Fin. t»0.—<i. Buffer’s or Plitnmcr h lmdy in a cancer-cell; 
b. the arclioplastic vesicle in spermatid of mouse. (After 
Farmer, Moore, and Walker.) 

Malignant disease occurs in all classes of vertebrates, and 
is generally inoculable on an animal of the unmr species as 
that from which it is derived, but not on other animals. The 
carcinoma of mice has lieen the subject of much investigation 
of late. In the writer’s opinion, the trend of recent, research 
is to show that, malignant disease is not due to a micro- 
parasite, but is derived from the irresponsible division of cells 
of the normal or of embryonic tissues. 1 

The molluscuui liodios have likewise lieen regarded as 
parasitic (coccidial) in nature, but with then! also inoculation 
and cultivation experiments have failed. 

1 For further information consult Pathology, General and Special, 
ed. 2, R. T. Hewlett (Churchill, 1907). 
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CIIA IT Kit XX. 

SOM K DISEASES NOT I'lfKVIorSI.Y I.'KKEI.'IIKD TO, WITII A 
msrrssiox ofthkiic caisxtion—mici;imh:«i\nisms of 
SKIN AND MlH'Ol'S MEM lilt AX KS. 

Appendicitis. —The following table 1 shows (lie usual kinds 
and relative frequency of the infeelions in ap|M‘iidiritis : 

Mirm-nran 

lltirilhi* roli in pure enllure 

„ with stnph,\ locncci . 

,, „ streptococci 

Staphylococci alone 
I Streptococci „ ... 

Other organisms or combinations 

It is not improbnble that in n si ill greater isovontago of 
cases a mixture of organisms is present at first, the llurilln* 
cali subsequently crowding out the other forms. The liar HI tin 
jiroteiui,- Ji. pynryanni*, and It. Welchii also occasionally occur. 

Cantellani* describes a lsvcillus, pathogenic to guinea-pigs, 
isolated from a ease of (janttniioiiK aj>|s’iidicitis. Morpho¬ 
logically it resembled the Shiga-Kruse dysentery bacillus, and 
was non-motile, produced acid and gas in glucose and maltose 
and curdled milk, but did not ferment lnannite, lactose, and 
sucrose. * 

Beki-Beri.—V arious observers have attempted to cultivate 

* Battle and Corner, Diteanrn of thr Verml/nnn Appendir, 1!*B. 

* Bril. Med. Journ., l‘J07, vol i D. ]Si:i. 


Acnli* 
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('limuir 
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To per cent 
1.1 .. 


Very rare, 
t jmt cent 


{to jier <H*iit. 
•I ,. 
Very rare 
I i>er cent. 
Very rare. 
:t jht cent. 
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n micro-organism in this disease. Pekelharing and Winkler 
isolated a coccus producing a white growth and resembling 
the pyotjenPH, var. afbun, very closely. Hunter obtained a 
similar coccus from two ca-es. A Gram-positive coccus was 
also isolated by Okata and Kokul>o from the blood and urine. 

Bust described a small motile sporing bacillus which he 
isolated from the blood and cerebro-spinal fluid in cases of 
beri-beri. The organism is also present in rice, and can be 
cultivated in rice-water, ascitic fluid, or on blood-serum. 
Inoculated into fowls it produced paresis and death. 

Hamilton Wright suggests that, the disease is due to an 
intoxication, the result of a gastro-duodenal infection with a 
large Gram-positive bacillus (unisolated). Daniels believes 
that, tho epidemiology of the disease 'ih liest explained on the 
hypothesis of a protozoan infection conveyed by lice. The 
writer and De Korte 1 also suggest a protozoan infection, the 
organism perhaps being eliminated in the urine. 

Other views art: that Iteri-lieri may In* a peripheral neuritis 
due to arsenical poisoning, or that it is caused by the absence of 
certain nutritive elements from polished rice, and the evidence 
in favour of the latter view seems to l>e accumulating. 

Bronchitis.— Ritchie 2 concludes that, acute bronchitis is 
an infective disease, but is not due to any one specific organism, 
the most important, causal bacteria lieiug the D. pneutnnniiv 
ami streptococci. In every case of acute bronchitis numerous 
pathogenic bacteria are present, in the bronchi, which are 
usually sterile in health. The commonest organisms are 
It. pnenntnuin', Jt. and M. rafm rhalin. Spirochaetes 

are present in some forms of tropical bronchitis; in others 
Castellaui has describ'd oidium-like and yeast-like organisms. 

Chancrk, Soft. — An extremely small bacillus, first 
described by Ducrey, 1 has Inen found in the ulcers and buboes. 
It has not Ihhui 11101 * 111011*11 successfully on animals, but can 
be inoculated from a chancre, experimentally, from man to 


1 Join'll. Troii. Afnt., October 1st, 1007, p. 31.7. 

3 Join'll. f\ith. unit Hurt., vol. vii. No. 1, p. 1. 

s Comp. Rend. Cos grl's Internnt. de Derniatolngie (Paris, 1H89), p. 229. 
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man. The bacillus does not stain by (Irani's motI mmI. and 
can lie cultivated on blood agar, on which it •forms shining 
greyish colonies 1 mm. in diameter, or in guinea-pig hlt^od. 1 

Conjunctivitis. —Conjunctivitis is of several varieties: 

(a) Acute contagion s conjunctivitis, due to the Koch-Weeks 
bacillus. This is a slender, non-niotile organism, 1 1-5/4 in 
length, occurring singly or in pairs, lmth fm* and within the 
pus-cells. It is decolorised by Grain's method, and is 
difficult to cultivate, growing lest on a. serum-agar mixture, 
on which it forms small, punetiforni transparent colonies. It 
is hardly pathogenic to animals, but in man sets up a typical 
acute conjunctivitis. 

( b ) Chronic catarrhal conjnnclivitis, due to the Mornx- 
Axenfehl diplo-lmcillus. This organism is 2 a long by 1 /t 
broad,is not stained by Gram’s method, ami can Is* cultivated 
on blood-serum or serum agar. 

(c) Gonorrhoea! conjunctivitis. 

(d) Diphtheritic conjunct iritis. 

(e) Conjunctivitis of streptococcic origin. 

(/) Conjunctivitis of pneunioeorcie origin Usually ill 
children, and accompanied with corvr.a and scanty muco-piirii- 
lent. discharge. 

(</) Micrococci (aureus and allms) ami //. coli may also 
occasionally cause conjunctivitis. 

D&rrikea (Summkk) ok Infants. - Hooker.- inun dal smite 
paper, came to the following conclusions : •• No single micro¬ 
organism is found to Is* the spis-jtic exciter • »f the summer 
diarrhoea of infants, but tin* affection is generally to Is* attri¬ 
buted to the activity of a number of vaiieties of bacteria, 
some of which lielong to well-known species, and are of 
ordinary occurrence and wide dial libation, the most, impor¬ 
tant lieing a streptococcus and the Proteus rulgaris." 

T/esage obtained a ba -illus from the “ green diarrho-a ” of 
infants which he Isdioved to Is* the cause of this complaint. 
It is a small, motile, nou-liquefying bacillus, producing on 

1 Himinel, Ann. <#« Vantc xv, in'll, |> tljs. 

* John* Hopkins Hosp. Heps., vol. vi, JM*7, toll ( Biding.). 
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gelatin a whitish expanded growth with crenated margins, 
and giving riso'to a green fluorescence in the medium. The 
B. pyo&yaneus may be an occasional cause. 

In coses with blood and mucus in the stools, the B. 
dysenteric (Shiga-Kruse type) lias been found to be present 
in America and in this country. In London, Morgan has 
isolated in a number of cases a bacillus which in its fermenta¬ 
tion reactions is nearly allied to the hog-cholera bacillus (see 
p. 394). 

Ralph Vincent ascribes the disease (which he terms 
" zymotic enteritis ”) to the ordinary organisms of putre¬ 
faction gaining access to milk and multiplying and causing 
alterations therein. 

The stinking motions of the diarrhoea of children have been 
ascribed to the action of organisms l>elonging to the Proteus 
group, particularly B. prnteus ( P. vuhjaris, see p. 658), which 
occurs in putrefying matter, sewage, and in the intestine. (This 
organism may also cause abscesses and cystitis, and a form 
of meat poisoning has lx*en ascril>ed to its action.) Filtrates 
of cultures were found by S. Martin to produce a fall of 
temperature, collapse, and diarrhoea in rabbits. 

Distemper op Poos.- -According to Qalli-Valerio,' this is 
caused by a bacillus (B. rauiculc) intermediate in character 
lietween the coli-typhoid and hoemorrhagic septicremic 
groups of organisms. 

Evidence has also lieen brought forward that, distemper is 
duo to a filter passer. Probably the term “ distemper ” may 
include several different diseases. 

Dvbentrby.— Dysentery must, be regarded as a term 
applied to a series of clinical symptoms associated with colitis 
which is due to different specific ngents. There are at least 
two forms of the disease, one, the so-called 1 ropical or endemic 
dysentery, met with especially in the East, and characterised 
by chronicity, a tendency' to relapses, amenability to treat¬ 
ment with ipecacuanha, and the occurrence of the single liver 

1 Cents, f Hnlet. (Ref.), xli, 1008, p. 503. See also M’Oowan, Jours. 
Pathol, and Baetesial., vol. xv, No. 3, 1011, p. 372 (Bibliog.) 
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abscess oh a sequela; the other, epidemic dysentery. met with 
iu all parts of the world, particularly in tildes of war uml 
famine, not amenable to ipecacuauha, ami not followed by 
liver abscess. There are also probably other forms ocuurriug 
iu small outbreaks or sporadically. Tropical dysentery is due 
to the Amoeba eali, which is found abundantly iu tin* stools, 
especially in the acute stage, and also iu the liver abscesses 
(see p. 51*2). 

In the epidemic dysentery of Japan and other parts of the 
world a bacillus, or group of bacilli, has Iteen isolated bv 
Shiga, Flexner, Strong. Kruse, and others. This is the 
li. dysenterice descrilied at p. 

Ooli-form bacilli have Is-en isolateil from eases of dysentery. 
Calmette in Tonkin isolated the li. /> yut-yanm*. ami this 
organism seems to have lieen the cause of a small outbreak 
in New York State investigated l>v bartigau. 1 In Ja)>an, Ogata 
isolated a tine Grain-staining, liquefying bacillus which does 
not seem to have lieen met with by subsequent observers. 
Spirochaetes have ls-en fouml in large munls-rs in a form of 
dysentery occurring iu Bordeaux. 

Vedder and Duval,'-as a. result of the study of a uunils-r 
of cases of acute dysentery in the United States, conclude 
that the disease, whether sporadic, " institutional.'’ or epi¬ 
demic, is due to the li. dyernteritf of Shiga 

The B. dyoenteritr (Shiga tyj*-) has lx-on isolated by Kyiv, 
McWeeney, and others from cases of ulcerative colitis or 
asylums dysentery in the British Isles (sis- pp. U9“ Mil ). 

The Balantidium coli (p. 5:i»!) and certain parasitic worms 
. may also induce a dysenteric condition. 

Skin Diseases : Arne. — In the acne pustules, the M. 
pyoyenet var. aureus, with or without var. allnm, is almost 
invariably present, and a staphylococcic vaccine generally 
acts extremely well. In the comedm-s a Gram-positive, 
Hofmanu-like bacillus (JI. acne*) is present in considerable 
numbers, and lhay lie the cause of the comedo. This organism 

1 Jotim Etptr. Med., vol. iii, No. G, [i. 503. 

5 Ibid., vol. vi, 1002, No. 2, p. 181. 
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wan cultivated by Fleming on a neutral agar to* which 
glycerin and qjeic acid are added. Sudmersen and Thomp¬ 
son 1 estivate on an acid ( + 40) serum-agar. The organism 
is anaerobic, at least at first, and will grow in glucose-agar 
stabs. In culture the organism is diphtheroid. A vaccine 
prepared with it is of service in the comedo stage. 

Eczema, is produced by the action of the pyogenic cocci 
(M. pyogenes, var. aureus and albas). Virulent cultures of 
these organisms, with or freed from their toxins, seem, how¬ 
ever, to produce an impetigo rather than eczema. But the 
filtered cultures, i e. toxins, are harmful to the skin, and when 
applied to it for one or two days by means of moist warm 
pads a typical papular or vesicular eczema ensues. Probably 
in the human subject in addition to the micro-organisms some 
peculiarity in the soil is necessary for the disease to develop. 3 
In so-called seborrheeic eczema, a lion-liquefying micrococcus 
which forms butyric acid has been isolated. 

Impetigo. —The large vesiculo-bullous eruption of impetigo 
contagiosa is caused by the Streptoccocu* pyogenes ; the small 
pustule in the neighbourhood of hair-follicles, impetigo of 
Bockhart, is caused by the M. pyogenes var. aureus. The 
li. diphtheria'. may also cause au impetigo (p. 285). 

Pemphigus. —A diplococcus has Iteen isolated in acute pem¬ 
phigus by Demme, and in the chronic form by Dahulmrdt. 
Bulloch and liussell Wells, in this country, seem to have 
isolated an identical organism, aud the following description 
of it is taken from their pa[>ers. Cocci 0 8 to 1 -5 /« in diameter, 
mostly arranged as diplococci, and staining by Gram's method, 
On surface agar the organism forms a thick, white, shining 
growth. In stab agar the growth has a “ nail-shaped ” appear¬ 
ance. The colonies on agar are at first round, but later, in 
seven days, they throw out lateral projections and assume a 
rosette appearance. Oil gelatin the growth is slow and slight, 
with some, but not marked, liquefaction. On blood-serum 
the growth resembles that on agar. On potato a whitish, 
semi-transparent film forms. Milk is curdled. In broth it 
1 Jo urn. •>/ Pathol, ami Bacterial., vol. xiv, 1910, p. 224. 

3 Whitfield, Practitioner, February, 1004, p. 202. 
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causes it general turbidity, with a whitish sediment, and 
sometimes a pellicle, which soon sinks. Guinea-pigs and 
mice inoculated or vaccinated with the organism died in four 
to eight days, fine haemorrhage, occurring in the lung*, and 
the cocci being obtained from the blood. No biilluu up|M*urcd 
on the skin. Th B. pyoryaneue may cause derniatitis and 
btdlous eruptions (see p. 250). 

The pyogenic cocci or their toxins may produce various 
bullous eruptions, e. <j. pemphigus neonatorum and contagiosus 
and liydroa gestatiouis. 1 

Herpes totter. —Pfefl'er observed bodies in the cells of tin* 
vesicles which he believed to lie | roto/.oa. Gilchrist, however, 
regards these merely as altered nuclei. 

Foot and Mouth Disease. Various organisms have Ih*oh 
described in this disease, but a German commission com¬ 
prising Ltifller and AUd’* stated that they were unable to 
prove its leliological significance. Liiflli-r and Froscli 
have determined that the organism must Is* a very minute 
one, us it passes through the smallest pored porcelain filter. 

Mai.ta Fever/’ Syinniyme : Kook, Mediterranean or undii- 
lant. fever. A disease met with especially on the Mediterranean 
littorui, but also in South Africa, India, China, the Philip¬ 
pines, and the subtropical countries of America, and clinically 
often simulating typhoid fever. 

A minute micrococcus (.1/. uirlUensin), first desorilied by 
• Bruce, is the cause of the disease. 

Microscopically, the organism from cultures occurs as a 
coccus, single, in pairs, or in short chains; it is easily stained 
by the ordinary anilin dyes, but is Gram-negative. In hanging- 
drop cultures it shows decided movement, which may Is* only 
an active Brownian movement, but is perhaps a true motilify 
inasmuch as Gordon has described the presence of flagella 
(other observers have failed to find them). The organism 
may be isolated from the spleen of a cadaver. 

1 Bril. Med. Jo i*rti., 1002, vol. i, j». 73. 

* Centr.f. Balct., xxiii, ISON, March. 

* See Reports of the Mediterranean fever Communion (Uoyal Society), 
pts. i-vii, Harrison &. Sons, 1004-1007. 
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Ou agar it grows uh minute transparent colonies, which first 
appear when ( inoculatc<l from the spleen in 90 to 125 hours. 
In thirty-six hours more the colonies lxxrome am her-coloured, 
and inter still, in four to five days, they become opaque, of a 
slightly orange colour, and round, with granular margins. Ou 
gelatin a whitish growth slowly forms without liquefaction, 
and in broth a diffused cloudiness forms, with a white deposit 
and without film-formation. Litmus milk becomes alkaline 
without curdling. Alkali is also produced in glucose media, 
but galactose, maltose, and saccharose are unchanged (see 
table, p. 2<ll). The distribution of the M. mi’lite.nxix in the 
I tody corresponds closely with that, of the U. ly/iliumix ; thus it 
is abundant in the spleen, relatively scanty iu the blood, uud 
is excreted in tint urine. 

The At. maintains its vitality outside the body in 

the dry stab 1 in dust or ou clothing for two to three mouths, 
iu tap- or sea-water for a month. The thermal death-point is 
about 55" 0. 

Inoculated into animals no result, usually ensues; in the 
monkey, however, a febrile condition is produced, with en¬ 
larged spleen, sometimes terminating in death, the course of 
the tomjs'mturo resembling that of the disease in man By 
intra-cerebral inoculation Durham found that the organism 
liecomes pathogenic for the rabbit, and guinea-pig, otherwise 
it is without effect. For the diagnosis of the disease the 
agglutination miction is most valuable. It may lie carried 
out by the microscopic method, a forty-eight-hours’ broth 
culture being employed, the details of the process Wing the 
same as descriWd at. p. 198. Dilutions of 1 in 30, 1 in 50, 
and 1 in 100 should lie prepared, as well as controls with 
normul serum, for old laboratory strains sometimes agglu¬ 
tinate with normal serum iu dilution of 1 in 20 or 30 (see 
p. 190. Neglect of this precaution led Bentley to ascribe 
kala-azar to a Malta fever infection). The organism being 
minute, it is necessary to use the ^-inch oil-immersion, the 
{-inch with a high eyepiece and draw-tube extended, or Wtter, 
a {-inch dry objective. The sedimentation method is pre¬ 
ferable. 
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The disease may be conveyed to monkeys by eon bid, by 
inhalation of infected dust, and by feeding. Musijuitoes and 
other insects do not seem to convey it. t 

The investigations of the Mediterranean Fever CoinniisHion 
have shown that the main source of infection of man is by 
goat’s milk. Goats may be infected (and arc largely so in 
endemic districts, v. ij. Malta and South Africa) without 
showing any symptoms, and excrete the organism in large 
numbers in their milk. Since the goat’s milk lias I wen boiled 
the incidence of the disease in Malta lias fallen from tit»3 
cases in 1995 to 7 cases in 1907 in the Army, and in the Navy 
there were no cases in 1907 (Bruce). 

Toxin, vaccine, and serum therapy. The M. unlilcnsi* forms 
no extra-cellular toxin, but, Mucfadyen obtained an endotoxin 
by disintegration. Attempts to prepare an anti-scrum have 
not been successful. A vaccine prepared with cultures killed 
by heat (see p. 2112) has lwcn used in the chronic form of the 
disease by llassett-Sniitli' and others witli some amount of 
success. 

Mastoiu Disease.— See “Otitis Media." 

Measles. — Duel lie and Belt la descrils>d small ilagellated 
Wlies which they believed to lie proto/.oa in this disease. 
Canon and Pielicke found small bacilli in the Mood, which 
Tchaikovsky confirmed. They are motile, do not stain by 
Gram’s method, and can lie cultivated on agar and serum, oil 
which they form delicate colonies. Czajkowski has found a 
similar organism. Lesage- cultivated a small micrococcus 
from the nasal mucus and blood, which produced a fatal 
hamiorrhagic septietemia in animals. The iuflucii/.a bacillus 
is present in many coses. 

Meningitis may lie caused by V. pnrumoniie (HQ per cent, 
of acute cases), D. intracellularis, Still's diplococcus, li. 
tuberculosis, gonococcus, and micrococci and streptococci. 

Mmra (Epidemic Parotitis). — Mccray and Walsli 
isolated from the parotid and blood in some coses of mumps 

1 Joum. of Hygiene, vol. vii, HK/7, p. 113. 

: Compt. Bend. Boc. Biol., 1000, p. 203. 
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a coccus resembling that described by Laveran and Catriu. 
It occurs chiefly as a diplococcus, but also ill large groups. 
Thf colonies form circular, white, shining points, with slow 
growth and gradual liquefaction. On potato a white growth 
occurs; on blood-serum a plentiful cream-coloured growth; 
and in litmus milk production of acid with coagulation. 

Noma and Cancbum Okis. —Grawitz in 1890 observed 
bacilli in the aifected tissues in this disease, others fusiform 
bacilli with or without otherJorganisms; Comba considered 
tliat there was probably no specific organism; Durante 
found the M. pyogenes, var. aureus, with li. protean, and 
Kaveuua the same micrococcus with the typhoid bacillus. 
Diphtheroid bacilli have also been isolated. Weaver and 
Tunnieliff 1 in a case of cancrum oris observed the presence 
of fusiform bacilli and spirilla. Helleseu 2 isolated a diplo¬ 
coccus from a case of noma. The organism is not unlike the 
pneumococcus, but possesses no capsule, is Gram-positive, 
gives a general turbidity in broth with aeidity, forms no 
gas from glucose, curdles milk with acid production, and 
forms punctate, whitish-grey, translucent colonies on surface 
agar. On iuoculatioq into animals a specific necrosis was 
produced. 

Bishop and Ryan, in two out of three cases, isolated ail 
organism which culturally and morphologically resembled the 
diphtheria bacillus, but which only produced some local 
inflammation on inoculation into guinea-pigs. In the third 
case the M. pyogenes, var. anrens, and the Streptococci!* 
pyogenes were isolated. Guizzetti, and Freymuth and 
Petruscliky have isolated the Klebs- Loftier bacillus in uouia. 

Ofclisr-Boas Bacillus.—M et with in the stomach, parti¬ 
cularly in cases of carcinoma, aud its detection is suggestive 
of this condition. The bacilli occur in masses, are long 
und filiform and nou-motile, and frequently join one 
another in angles. They measure usually 6-8 p. in length, 
but vary between 3 and 10 p. The organism has been 
cultivated, and is a facultative anaerobe, non-sporing and 

1 Jou m. Infection* Dilease*, vol. iv, 1007, p. 8 (Bibliog.). 

* See Lancet, 1008, vol. i, p. 03d. 
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Gram-positive. It curdles milk ami forma lactic aciil from 
various sugars. • 

Otitib Media. —Tho Vijihicomin /uieuiiiiniin- is peiiiu |»K 
the commonest organism met with ; next in frequency mines 
tho Streptococcus pyogenes, ami then the pyogenic cocci. In 
scarlatiual otitis media, Blaxull found the S. /ii/w/cmc* to he 
always present, and generally accompanied by til her organisms, 
pvogenie cocci, etc. In thirty-seven cases of mastoid disease 
Blake found the following organisms, and remarks that as a 
rule the same were found in the middle ear: 

Streptococcus ... .12 

Staphylococcus ..... •"> 

biplococciis (? piirioiiiiiort'). 4 

Streptococcus amt diplociNvii« •"* 

Streptococcus and Itin illii* /V/e/ n < (' mliui ImciIIu-) a 

Streptococcus and Itnrillir. ei/«''!/'Oifiu> I 

Streptococcus and diplorocciis . I 

Streptococcus, micrococcus, and dijdococciis - 

In two of the cases no organisms could Is- isolated 
Ozena (Atrophic Khinitis). bdwenbeig descriliod in 
this disease encapsuled hacilli somewhat resembling the 
pneumo-bacillus morphologically. Some Italian observers 
found bacilli apparent ly identical with the diphtheria bacillus. 
Abel' described a bacillus somewhat resembling the pneumo- 
bacillus. It is this organism which product's the atrophy of 
tilts mucous membrane, but the fetor is due to the decompo¬ 
sition of the secretions produced bv other organisms. 

Perea 2 isolated an organism in oziena (('orru-htir!llnn frtiihm 
ostetue) which has the following characters: it is a short, 
bacillus with rounded ends, non-motile, does not slain by 
Gram’s method, does not liquefy gelatin, does not ferment, 
lactose nor curdle milk, but forms indole and ferments urea. 
Its cultures are foul-smelling, and it is pathogenic lorguiuea- 
pigs, mice, rabbits, and pigeons. 

Peritonitis. —tt’reves gives the following table of the 
micro-organisms found in peritonitis: 

1 Zeittchr. f. Uyg., xxi, p. 89. 

* iiu. de l’ Inti. Patteur, xiii, 1899, p. 997, and xv, 1901, p. 409. 
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| Friinkcl. 

1 

Tnvel and Tnuz. 


' Found Hlutio. 

1 

Found alone. 

Found in 
UMOcinlion. 

Bacillus coli communis 
Streptococcus . 
Staphylococcus . 
Pneumococcus . 

11 

7 

1 

1 

15 

a 

2 

0 

lfl 

13 

ti 

2 


1 

20 

20 

39 


■ 

__ 

- 


Dudgeon' lielieves tlie B. coli is frequently a secondary 
agent and not the primary infection. He finds that the 
M. pyogenes, var. albas, is very commonly present from the 
first, and may exert a protective action by determining 
the occurrence of phagocytosis. 

Pbilosis ok Sprue. —Carnegie Brown 2 considers this disease 
to lie due to an abnormal fermentation in the intestine brought 
about by sumo organism, bacterial or protozoan, which has 
not yet lieen isolated. 

Puerperal Fkvkr. —This condition may lie either a 
localised infection with intoxication (saprosmia), or a localised 
infection with general infection (puerperal septicaemia) ; in 
both the primary seat of infection may be periuaeal or vaginal 
lacerations, or the contents of the uterus or the placental site. 
The infecting organisms may be S. pyogenes, pure (20 per 
cent.), or with other organisms (30 per cent.), occasionally 
the D, pneiiinonue, B. coli, M. pyogenes, var. albus, M. pyogenes, 
var. aureus, M. gonorrhoea•, B. Welcliii, aud diphtheroid 
bacilli. These are rarely alone, but generally,occur with one 
or other of' the organisms named. The B. diphtheria) may 
exceptionally be met with. 3 

Purpura.— Haemorrhagic septicaemia may be caused by a 

1 Bacteriology of Peritonitis (Constable, 1906). 

* 8pm# and its Treatment (Hale, Sons, & Danielsson, 1908). 

* Bee Foulerton, Practitioner, Maxell, 1906, p. 887. 
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number of capsulated bacilli allied to the B. pneumonia' of 
Friedlander* (see pp. 271, 427), its well us by streptococci 
and pyogenic cocci. Paratyphoid infection may Ik? accom¬ 
panied with purpura. * 

Pyorrhoea Alv Solaris (Rigg's disease)- —Goadby 1 * * 4 5 has 
found the following organisms to be probably causative in 
this disease: M. eitreus granulatu*, M. pyngene*. var. nuren*, 
streptococci, Af. catarrhalis, and diphtheroid bacilli, and 
has used vaccine treatment with success. Eyre and Payne' 
have found similar organisms. 

Rheumatism (Acute). —The opinion has gained ground of 
late years that acute rheumatism is an infective disease. A 
number of observers have isolated streptococci and micrococci 
in this disease, and Singer regards the disease as merely an 
attenuated form of pvremia. Menzer considers that rheumatic 
fever is not due to any one organism, but is a particular 
reaction in predisposed persons to various microbes, especially 
streptococci. In 1897 Aelialme isolated an anaerobic anthrax- 
like bacillus from several cases. This bacillus agree* in nil 
its characters with the B. Welchi! {cutrritiili* eporogmc*). and 
is believed by the writer* to lie identical with the latter; it is 
probably a terminal infection or a contamination. Poynton 
and Paine® in 1899 obtained from eight successive cases a 
diplococcus (Z). rheumatic"*) which in broth develops into 
a streptococcus. Injected intra-venously into rabbits the 
diplococcus frequently produces enlargement, and inflamma¬ 
tion of the joints with effusion, ami occasionally valvulitis 
and endocarditis. In man the orgauism was demonstrated in 
the vegetations, pericardium, tonsils, and rheumatic nodules, 
and has been isolated from the blood, pericardia! fluid, cardiac 

vegetations, and tonsils. 

• , 

1 See Howard, Journ. Exp. Med., vol. iv, 1S01I, p. 140 (Ilibliog.), 

* Proe. Roy. Roe. Med., February, 1010 (Odontological Section). 

* Ibid. December, l3o9. 

4 Trane. Path. Roe. Load., vol. lii, pt. it, 1001, p. 11S. 

* Lancet. 1900, vol. ii, p. 861 el ttq. ■, Tran*. Path. Hoc. Land., vol.lv, 
1804, p. 126. 
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Andrewes and Horder found that two strains of the T). 
rAf-MwiatficMsKiorreBponded with the 8. ftecalin (p. 248). 

Beattie' also obtained a streptococcus from the synovial 
membrane of cases of acute rheumatism, which regularly 
produced arthritis, and occasionally endocarditis, in rabbits. 
Goad by has observed similar effects with a streptococcus 
obtained from the mouth. 

The manner in which typical acute rheumatism generally 
reacts to salicylates suggests a protozoan organism, if an 
organism lie the cause. 

Rheumatoid Arthritis (Arthritis Deformans).— 
Schuller described a small bacillus in this disease. 3 Blaxall' 1 
found in the synovial iltiid, and occasionally in the blood, a 
minute bacillus measuring 2 in length. It possessed 
marked polar staining, was decolorised by Gram’s method, 
and could only be stained by prolonged (3 5 days) immersion 
in anilin methylene blue. The organism can be cultivated on 
agar, on serum, and in broth. In a clear broth, after three 
days, minute shining, yellowish particles appear ami increase 
in nmount, giving rise on slinking the flask to an appearance 
of “ gold dust.” Inoculation experiments on animals failed. 

Poynton and Paine 1 isolated a diploeoeeus (? a form of 
their D. rheumatirun) from an osteo-arthritic joint, which 
produced arthritis, with osteo-arthritic changes, when injected 
iutm-vonously into rabbits. 

Osteo-arthritis is probably not a single disease. 

Hhinohot.euoma.—A bacillus has been descrilied in this 
disease. It is a short rod, with rounded ends, encapsuled. 
and frequently linked in pairs. The organism is lion-motile, 
does not stain by Gram’s method, and forms on gelatin a 
whitish growth without liquefaction like that of Fried hinder's 
pneumo-bacillus. Milk is not coagulated. Tlie organism is 
slightly pathogenic. It is doubtful if it is the cai.sal agent. 

Rinderpest. —Simpson. Koch and Eddington descrilied 

1 Journ. Pathol, ami Bacterial., vol. xiv. 1010, p. 4-12. 

4 Berlin lclin. lfWfc., September 4th, 1802. 

4 Lancet, lHIMi, vol. i, p. 1120 (HiWien?.). 

4 Brit. Uetl. Janrn., 1002, vol. i, p. 70. 
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liadlli in tliis disease, but Nicolle and Adil-Bev have found 
that the virus passes through a porcelain fiher, and the 
organism therefore is probably ultra-microscopic. • 

Tbaohoma. —Various organisms liave boon observe* 1 in^his 
disease, e g. a diplocoeeusby Sattler, gonococcal-like organisms 
by Lindner and others (it is even suggested that the organism 
may lie an “ involuted " gonococcus), and intriv-oellular Imdies 
(r protozoa) by Prowazek, etc. 

Griffith regards trachoma as being caused by the K«h*1i- 
Weeks bacillus. 1 The Morax-Axenfield diplohacillus ami the 
pueumococcus have also l»een isolated from eases. The 
causative organism cannot yet be said to In- known. 


Micro-organisms of the Skin and Mucous 
Membranes. 

Skin. —In the normal clean skin micro-organisms are 
scattered here ami there in cracks of the horny layer ami iu 
crevices around lmirs and glands, but such skin is not swarm¬ 
ing with microbes. The S. /lyni/eiien and M. jiynijnirn, var. 
ttnreus, albiis, and citmi*, and the ,lf. ejiiiterniiilin ( alhur ) of 
Welch,® are the commonest (sen* p. 240). Equally common on 
the skin and scalp is the scurf micrococcus isolated by 
Gordon (see table, p. 241). Sardine, bacilli, ami moulds 
occur also. On the skin of the groin, scrotum, ami vulva the 
smegma bacillus occurs. From sweating fret various 
organisms have been isolated, which on culture evolve a dis¬ 
agreeable odour, i mong which is the linrirrinm fetittum of 
Thin. 

Conjunctive .—Some observers have stated that the con¬ 
junctiva is g#nerally sterile. A certain uumlH*r of organisms 
are, however, usually present, though they are not numerous, 
and if artificially inoculated the excess is rapidly eliminated. 
The B. remit is cab often lie isolated. 

1 Thompson Tale f Lab. Rep., vnl. iv, pt. i, 1001, p. ISO. 

* On the role of cocci in the pathology of the skin, sec Hril. 3 fed, 
■/burn., 1901, vol. ii, p. 794. 
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Randolph 1 * states that the normal conjunctiva always con¬ 
tains organisms, the commonest species being the Micrococcus 
epidewnidis (albuti) of Welch. 

LifWson 3 found the normal conjunctiva to be sterile in 20 
per cent, of cases and pyogenic cocci to be rare, and, when 
present, non-virulent. 

Nose. —In the anterior nares, crusts and vibrisse micro¬ 
organisms are present in great abundance, but, contrary to the 
usual opinion, StClair Thomson and the writer 1 showed 
that the mucous membrane of the interior of the nose is 
comparatively sterile, and when organisms are present they 
are very scanty compared with the number of organisms 
inspired. 4 * Moreover, organisms artificially deposited were 
found to be rapidly disposed of. After two hours, for example, 
prodigiosns inoculated on to the inferior tubinate could not be 
detected by cultivation. Wurtz and Lermoyez asserted that 
the nasal mucus is germicidal, but StClair Thomson and the 
writer 6 were unable to confirm this, though it may have an 
inhibitory action. 

Air-passages. —Below the larynx under normal conditions 
the air-passages are free from micro-organisms. Expired air 
is also free from organisms, and the air from the naso-pliarynx 
after passing through the nasal cavities is deprived of the 
majority of its organisms. 0 

Mouth. —Micro-organisms of all kinds are present in the 
buccal cavity in the greatest abundance—leptothrix, bacilli, 
pyogenic cocci, sardine, and spirilla are almost always to be 
found.. The Streptococcus pyogenes, M. pyogenes, var. aureus, 
and Diplococcus pneumoniiv are frequently present. Certain 

1 Archives of Ophthalmol., vol. xxvi, 1897, p. 379. 

3 Trans. Jenner Tnst. Prev. Med., vol. ii, p. 56 ; Uso Griffith, 
Thompson Tates Lab. Rep., vol. iv, pt. i, 1901, p, 99. 

3 Medico-Chirurg. Trans, vol. lxxvui, 1895 (Bibliog.). 

4 Other observers, however, have not altogether confirmed this. 
See Iglaner, Laryngoscope, 1901, November, p. 383. 

1 "The Fate of Micro-organisms in Inspired Air," Lancet, 1896, 
January 11th. 

• tbid. 
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organisms have their normal liahitat in the mouth, are diffi¬ 
cult to cultivate, and are of considerable importance in the 
production of dental caries. 1 Well-defined micrococ^ and 
streptococci also occur in the saliva (M. salivariits, p. 241, and 
8. salivanus, pp. 248 and 639). The normal sulivn is germi¬ 
cidal to some extent. (See also pp. 485, 486.) 

Stomach and intestine. —Although a vast numlier of organ¬ 
isms gain access to the stomach, a large numlier are destroyed 
by the acid gastric juice. At the same time a considerable 
proportion are able to survive—saroime. and lactic and butyric 
acid bacilli. In normal nurslings the mouth and stomach 
contain few bacteria—a few cocci, and some bacilli of the 
B. coli and B. lactis aerotjenes groups. The small intestine 
contains remarkably few organisms of the same types. In 
the large intestine liacteria art* extremely numerous, particu¬ 
larly Gram-positive ones. These are most ly slender, slightly 
curved bacilli of moderate size, the 11. hijhlus of Tissier, 
which often has a bifid extremity, also a somewhat similar 
organism, B. aculophihta of Morn, but capable of developin’• 
in an acid medium, a few B. Welchii, and a diplocoeous. The 
Gram-negative forms are B. roll, B. Inrtis mrotjcncs, and cocci. 
In bottle-fed children the same organisms occur, but the 
preponderating organisms are Gram-negative of the 11. coli 
type, with many cocci and streptococci. In childhood and 
adolescence organisms of the bifidus tyj>e liecome less numerous 
but putrefactive anacrolies liecome more so, particularly 
B. Wtlchii and B. pntrificns (coli) of Uienstock ; the latter is 
a long, slender. Gram-positive bacillus with large terminal 
spores. During adult life the putrefactive anacrolies tend to 
become still more numerous, and the putrefactive decomposi¬ 
tions they produce are regarded by Metchnikoff ns standing 
in causal relation to old age. In the healthy adult the 
stomach, duodenum and jejunum contain relatively few 
organisms, fronj the lower ileum to the rectum the intestinal 
contents are crowded with bacteria, and the greatest number 
of anaerobic organisms occur here and putrefactive changes are 


• See Goad by. Mycology of the Mouth. 
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most in evidence. 1 Kendall 2 lias described the presence of a 
bacillus (B. injantilix) in large numbers in-a condition of 
infautjitisni, associated, according to Herter, with chronic intes¬ 
tinal infection. 'Ihe organism is a Gram-positive, motile, 
sporingbaeillus belonging to the mibtilis group. It is aerobic and 
facultatively anaerobic, grows readily on the ordinary culture 
media, and ferments dextrose and saccharose with the produc¬ 
tion of acid only, but lactose is hardly attacked. In a dog 
and a monkey diarrhoea was produced by feeding with it. 

Urinary ami genital organ *.—'The meatus urinarius and 
distal portion of the urethia contain a few organisms, which 
increase in number in inflammatory conditions, and Gram- 
negative cocci may be found (see p. 201). The deeper portion 
of the urethra, however, is fn-e from organisms, and the 
bladder is sterile. The genital tract in the female up to the 
middle zone of the cervix contains organisms, but the uterus 
and Fallopian tubes are normally sterile. The B. vagina• of 
Doderlein, a. large Gram-positive bacillus capable of growing 
in an acid medium, is treijuently present in considerable 
numbers in the vagina. 

1 Sec Herter, Hnrteeinl Infections nf the lliijeslive Tenet, 11107. 

7 Jonni. liiotoii. (.hfmistnj, v«»l. v, p. -HP. 
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Some of the Commoner Organisms fminil in tin* Air. Wnt«»r mnl Soil. 

Bacterial Content of Waters and the Factors 
influencing it. Filtration, etc. 

Tiik bacterial flora t>f natural waters is a very varied 
one. The organisms met with in surface wafers, such 
as streams, ponds, and shallow wells, arc derived from 
the air and soil through which the water has passed, 
and if not contaminated from human or animal sources, 
from the air of towns, from sewage or manure, consist 
mainly of noil-pathogenic bacilli, the majority of which 
are chromogenie and non-liquefying, and develop best 
on culture media at si temperature of Its to 22 C. or 
thereabouts, not at blood heat; also of some sareime 
and a few micrococci; B. mli and It. MWr/m nrc 
usually absent. When, however, the water passes 
through cultivated lands, or receives sewage, the 
number of organisms is enormously increased ; a large 
proportion at them liquefies gelatin and develops at 
blood heat, and B. coli and Ji. Welchii appear more or 
less numerously. Whereas water from shallow wells has 
a bacterial content nearly as great as the surrounding 
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surface water, that from deep well a, especially in the 
chalk, is remarkably free from organisms. The follow¬ 
ing taljfb illustrates the number of organisms that may 
be met with in water from different sources: 


Source. 

Freshly fallen snow 

Ice. 

Rain water (Paris) 

Rhone, above Lyons 
Rhone, below Lyons 
Rhine, at Miihlheim 
Thames, at Hampton (Frank- 
land) .... 
Deep well in the chalk (Kent 
Company) . 

Surface well . 

Spring water, Reigate (Frank- 
land) . 

Lake of Lucerne 
Locli Katrine (Frankland) . 
Filtered water supplied to 
London (Houston) 

Sewage (Frankland) 


Number of organisms 
per cubic centimetre. 

34-38 

(very variable) 30-1700 
4-5 
75 
800 

average about 20,000 

(variable) 2000-90,000 

3-19 

1200 

8 

8-50 

74 

average rarely exceeds 100 
20,000,000 


Tho number of bacteria in a natural water varies 
considerably with its source, at different seasons, and 
under different climatic conditions. The table* on 
p. 605 illustrates the seasonal variation in certain raw 
London waters. 

The following factors modify tho nnmber of organisms 
present in the water: 

(1) Storage of nnfiltered water .—A large storage 
capacity permits of the water being admitted when the 
source (river, etc.) is in its best condition, so that foul 


* Houston; Fifth Amu. Bep. Metropol. Water Board, 1911. 




Micro-orgamsm* in Rate Water* (Average Number per e .e.). 
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water, in Hood time or drought, may be avoided. More¬ 
over, storage* alone usually markedly diminishes the 
nutnbtr of organisms, partly by subsidence, partly by 
lack "of aeration, and partly probably owing to the 
struggle for existence going on among them (see also 
p. 381). 

(2) Thickness of fine sand in the jitter-beds .—Efficient 
sand filtration removes quite 99 per cont. of the 
organisms originally present. The fine sand only lias 
to bo taken into account in estimating the removal of 
organisms and efficiency of a filter baeteriologically. 
It probably should form a layer not less than 3 ft. 
to 3 ft. 0 in. in thickness. Moreover, a filter-bed is 
not efficient at first, but becomes so when the surface 
film forms, composed of sedimented particulate matter, 
and of a /.oogleeal mass of bacteria and alga;. 

(3) Thu rate of Jill ration .—The removal of organisms 
is loss perfect when the rate of filtration is increased; 
this should not exceed about To gallons per square 
foot per hour. 

(4) The renewal of the filter-beds. —New, or recently 
cleaned, filter-beds allow a greater number of organisms 
to pass through. Tho beds must be cleaned from time 
to timo by raking up and clearing away the surface 
layer of sand, for as time goes on tho rate of filtra¬ 
tion becomes slower and slower, though tho bacterial 
efficiency of the filter-beds does not appear to be 
reduced by prolonged use. The normal bacterial 
efficiency seems to be rapidly regained after cleaning— 
within two or three days. 

Besides storage and filtration, sedimentation in the 
presence of fine particles, either naturally present or 
artificially added, may also effect a marked removal of 
micro-organisms from water. Thus, by the addition of 
alum, an old method of clarifying turbid water, a large 
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number of the organisms present are carried down in 
the precipitate. 

The Clark process of softening water may 4 also 
reduce the number of organisms present, but is very 
uncertain (Moor and Hewlett). Hy the 1‘orter-Clark 
rapid process, however, Nankivill believes considerable 
purification is effected. 

The tables on pp. 607 and 008 illustrate the influence 
of storage and of sand filtration 01 . the bacterial content 
of a water. 

The Bacteriological Examination of Water . 1 

The bacteriological analysis of water nffords valuable 
indications as to the purity or otherwise of a water, 
and, if properly carried out, will indicate a pollution so 
small in amount as to bo incapable of detection by 
chemical methods. 

The specimen of water should bo collected in clean 
bottles of about 100-200 c.c. capacity, sterilised prefer¬ 
ably by heat. If, however, the bottles bo thoroughly 
cleaned and rinsed out with a little strong sulphuric 
acid, and then thoroughly rinsed sevoral times with the 
water to be examined before taking the specimen, no 
error will be introduced. The stopper of the bottlo 
should be tied down with a thin layer of cotton-wool 
enclosed between two pieces of muslin, and tho bottle 
should not be quite filled. In taking tho specimen the 
following details should bo attended to: 

(1) If taken from a tap, the water should be allowed 
to flow for at least five minutes before the specimen is 
collected. 

1 See Savage, Bacteriological Examination of Wattr Supplies (IjOvil, 
1906); Thresh, Examination of Water and Water Bupplie* a ( Churchill, 
1904); Houston, Gordon and other* in Rep*. Med. Of. Loe. dor. Board, 
1896-1904; Houston, Report* to the Metropolitan Water Board. 

39 
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(2) The water from a cistern is not a representative 
sample of tfie water supply; to be so the specimen 
shoijh be taken direct from the mains. 

(3) If taken from a stream or pond, the bottle should 
be held about a foot below the surface and away from 
the edge before the stopper is removed. 

(4) If taken from a well the conditions should be 
notod, e. g. whether the well has been recently dis¬ 
turbed or no, whether the pumps have been in opera¬ 
tion, etc., for such may markedly influence the number 
of bacteria found. 

The specimen should then be examined with as little 
delay as possible, for if allowed to stand for any £ime a 
large increase in the number of bacteria may take 
place. Frankland, for oxample, found that in distilled 
water, even at the ordinary temperature, organisms 
multiply enormously : 

Hours Humber of organisms in 1 e.e. 

0.1,073 

0.6,028 

24 . 7,262 

48 . 48,100 

In water of good quality the organisms are found to 
multiply much more rapidly during the first few days, 
after which time they become less and less numerous; 
but in impure water multiplication is slower, and the 
number more persistent, while in very impure water 
the number may diminish. It is essential, therefore, 
if reliable results are to be obtained, for tly? specimen 
to be examined nt onco (within three hours). If this 
cannot be done the specimen should be packed in ice; 
the cold will then inhibit multiplication to any extent. 
Special double-chambered metal boxes are made for 
this purpose : the bottle containing the sample (not less 
than 00 e.o.; the writer prefers to have not less than 
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200 c.c.) is placed in the inner chamber, the outer 
chamber (which surrounds the inner) bcinfr filled with a 
mixture of ice and sawdust, and the whole is (fucked 
in a wooden box with felt lining. According to 
Remlingler, 1 the addition of 10 per cent, of common 
salt to the sample preserves the original bacterial 
content of the water unaltered up to ninety-six hours 
after taking the sample, without icing. Besides the 
sample packed in ice, a “Winchester quart ” of the 
water may also bo collected for examination for the 
spores of the B. Welcliii (enterit tills eporoyrtirs). 

The routine bacteriological examination of the 
specimen may be carried out according to the scheme 
(here somewhat modified) drawn up by a committee of 
the Royal Institute of Public Health. 3 

Procedures. —The following procedures should be 
carried out: 

(n) Enumeration of the organisms which will develop 
aerobically in gelatin at 20° C. 

• ( b ) Enumeration of the organisms which will 

develop aerobically in agar at 37° C. (Enumeration 
is carried out by counting the number of colonies- 
which develop in the plates [see p. 80].) 

(c) Search for Bacillus coli, and identification and 
enumeration of this organism if present. 

(d) Search for, and enumeration of, streptococci. 

As a routine measure it is not necessary to search 

for the Bneilliut Welchii (entcrif id in sporoyenes), but in 
special instances it mny be desirable to do so. 

The bottle must be well shaken to mix the sample. 
Before removing the stopper, it and the neck of the 
bottle should be swabbed with absolute nlcohol, which 
is then carefully ignited and allowed to burn away. 

1 Comp React. 8oe. Biol., lxx, p. 64. 

* Joum. State Med., vol. xii, 1004, p. 471. 
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Mum a. Time op Incubation, etc. —For the gelatin 
count ordinary nutrient gelatin is employed, the 
perio(J*of incubation being Bevonty-two hours. In hot 
weather it may bo necessary to use 15-20 per cent, 
gelatin (unless an incubator which can be cooled is 
available), but the development of the colonies is slower. 
For the agar count ordinary nutrient agar is used, the 
period of incubation being forty to fovty-eight hours. 

The media should preferably be recently prepared 
and be standardised to a reaction of + 10. 

In addition to the actual numbers of organisms which 
develop in the gelatin and in the agar, a comparison 
of the ratio oF tho number of organisms developing in 
gelatin at 20° 0. to those developing in agar at 37°C. 
also gives useful indications. With a pure wnter this 
ratio is generally, considerably higher than 10 to 1 ; 
with a polluted water this ratio is approached, and 
frequently becomes 10 to 2, 10 to 3, or even less. The 
aotUal number of organisms growing at blood-heat is 
of considerable value apart from any question of 
ratio. 

• In certain instances it is true that this ratio may be 
unreliable. Thus with surface waters, especially in the 
tropica (as pointed out by Horrocks) varieties of the 
B. fluoresce na lique/aciens and non-liqnefaciens and B. 
liquefaoiens may be abundant and grow well at blood- 
heat. 

> Distilled water gelatin and agar have also been 
recommended/ but' since the organisms o^. polluted 
water develop better in the ordinary nutrient media, 
the latter are preferable for routine use. 

Amounts to be Pitted, Size op Dishes/ etc.— Gelatin 
—For an ordinary water amounts of 0*1, 0*2 and; 
0*8 c.o. may be plated, in Petri dishes of about 10 cm. 
diameter, preferably' done in duplicate- 



Examination of Water 618 

Agar .—Two platak may be imtrio with 01 and 0 2- 
0-8 c.c., and are preferably duplicated. 

The desired volume of water should lie run iuto the •sterile 
Petri dish by means of a sterile I c.r. pipette graduated in 
hundredths. The tubes of gelatin should lie melted in a water- 
bath at a low temperature (40 1 to 45° C.). A tula* is taken 
out of the water-bath, wijied dry to prevent the adherent 
water running down into the IVtri dish, its mouth well 
siuged in the Bunsen flame to sterilise it, and the eontents are 
then quickly poured info the dish and mixed with the water 
by tiltiug the dish several times. 

The agar tubes must tirst I hi lsiiled. then cooled to alniut 
45°C., and similarly treated, or surface plates may Ik* made. 

If waters are constantly lieiug examined, it saves trouble to 
have the gelatin and agar in small flasks. HO 60 c.c. of tile 
former and 20-40 cc. of the latter: a flask of each will then 
be used for an examination. 

In dealing with tut unknown water, and in all eases 
of doubt, additional plates should be prepared with a 
dilution of the water (made with sterilised tap-water) 
of ten or hundred fold, according to circumstances. 

Tim amount of the medium in a plate should bo 
10 c.c. 

Tho counting is done with tlio naked eye, preferably 
in daylight, any doubtful colony being determined 
with tho aid of a lens or low power objective. Tho 
number of liquefying colonies in the gelatin plates 
should also be noted. Tlio plates should be inspected 
daily, inr order that the count nmy be made earlier 
should liquefaction render this necessary. 

In examining an ordinary drinking-water there is no need 
ever to dilate. As 1000 or 1500 colonies can lie counted in a 
plate, and if the number on a plate should be, owing to 
crowding, uncountable, ip*o facto this would be sufficient to- 
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condemn without an actual count. Dilution is necessary 
when dealing with river or other water known to be polluted, 
and o% which an estimate of the number of organisms 
preseift is desired. In order to count the colonies if very 
numerous, ink lines may l>e drawn across the bottom of the 
Petri dishes so as to divide them into sectors. Ruled paper 
discs (Pakes’s discs) upon which the dishes are placed can 
also be obtained. Thu colonies in the sectors are then much 
more easily counted: or if the colonies 1x3 very numerous 
and evenly distributed, the number in two or three of the 
sectors may be couuto 1, and the total nuinlxsr on the plate 
estimated by calculation. 

8karch ton Bach.mis com, ktc. —Various media may be 
employed for the detection, isolation, and enumeration 
of B. col-i. The writer generally employs as n pre¬ 
liminary, glucose bile-salt peptone-water, but many 
other media may bo employed, «. g. formate or neutral- 
red broth, or if the organism is abundant, neutral-red 
bile-salt agnr. 

As a routine, 50 c.c. should bo the minimal quantity 
examined for tho presence of the Bacillus colt, quan¬ 
tities from a minimum of O'l e.e. to a maximum of 
50 e.e. being added to the tubes of culture media.. 

It is preferable to add the* water directly to the 
tubes of culture medium, even with the larger amounts, 
and not to concentrate tho bacteria by any method. 
The culture media may bo diluted with at least an 
equal volume of the water without interfering with 
their cultural properties, and large tubes or small 
flasks are used for the larger amounts. 

In the case of glucose or lactose bile-salt peptone- 
water, the medium may for the larger amounts be pre¬ 
pared of double strength. The glucose or lactose 
bile-salt peptone water should be incubated at 42° C. 
for not less'than forty-eight hours. 
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For composition of glucose formate broth, glucose un<l 
lactose bile-salt media, and neutral-red broth, ijuo p. 626, c/ aeq. 
While a lactose medium has the advantage of excluding a 
number of forms which, though fermenting glucose, do not 
ferment lactose, and are therefore not typical B. culi, 
Houston has found that a glucose medium is more delicate 
than a lactose one. For general purpose's, quantities of from 
O l to 25‘0 c.c. may be added to tubes of the medium selected. 
For the examination of au ordinary drinking-water, the 
writer usually .employs five tubes with 1 c.c. of the water in 
each, two tubes (double strength) with 10 c.c. in each, and 
one tul>e (double strength) with 25 c.c. For the larger 
amounts large test-tubes and boiling tidies must Is* employed. 

If the medium shows changes (acid + gas) suggestive of 
the presence of B. culi, it is only presumptive evidence of the 
presence of this organism. Occasionally other organisms 
produce a similar change, e. g. B. fuel in acnujenes, B. r Ion eat. 
Hence the necessity for the isolation and identification of the 
organism as recommended in the next section. 

Isolation ok Bacillus coli, ik present. —If indica¬ 
tions of tho presence of the Bacillus culi be obtained 
in the preliminary cultivations (acid 4- gas), the 
organism must bo isolated and identified. If several 
tubes show acid + gas, one or two of the tubes with 
the smallest quantities of tho water should be used for 
this purpose. 

This may be done by making surface cultures on 
plates (sloping tubes generally suffice) of either (a) 
litmus lactose agar, reaction + 10 ; (5) litmus lactose 
bile-salt «gar j (c) Conradi and Drigalski agar, wliieli 
the writer generally employs; or (</) ordinary nutrient 
gelatin. Agar media, incubated at 37° C., have the 
advantage of saving time. (For composition of media, 
see p. 624, et aeq.) 

Identification oy, and Tests fob, the Bacillus 
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cou.—Having obtained coli-like colonies on the plates 
made from the preliminary cultivations of the water, 
variora tests must be used for identification. The 
organism should conform in morphology, motility and 
staining reactions with the characters of the typical 
B. coli as given at pp. 401-405, and must be subjected 
to various cultural tests, e. ,j. tlio “ flaginac ” reactions 
of‘Houston (p. 405). The writer generally employs 
these, with the addition of the fermentation reactions 
given by dulcitol, mannitol, and adonit litmus peptone 
water, and gelatin for absence of liquefaction. If 
atypicul Bacilli coli (see pp. 401 and 409) are met 
with, the fact should be noted, but their significance 
is not yet fully determined. 

STKKPTOcoecf.—It is a distinct advantage to search 
for streptococci. They may be looked for by making 
hanging-drop preparations of the fluid media employed 
for tlio preliminary cultivation of the 71. coli (glucose 
or lactoso bile-salt peptone water, etc.) The presence 
or absence of streptococci in these tubes gives also a 
quantitative value to the examination, just as in the 
case of li. coli, and the result obtained should be 
stated. The streptococci can be readily isolated on 
Conradi-agar plates. 

According to Houston (lac. cit .), fteces 'contain at least 
100,000 streptococci per gram. The type of streptococcus 
generally present, is one forming short chains, producing a • 
uniform turbidity in broth, acid and clot in litmus milk within 
five days at 87° C., and non-pathogenic for mice. v fSee table, 
p. 248.) 

Bacillus Wklohii.— As already stated, if is not 
essential as a routine procedure to search for the 
Bacillus Welchii (enteritidiv sporogenes ), though in cer¬ 
tain instances it may be of advantage to dor so. A 
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negative result in sucfi cases is probably of more value 
than a positive one. ‘t 

For the isolation of B. Welchii, 500 of (be wutef nuty 
be filtered through a Pasteur-ClianiU-rlaiid filter, the deposit 
is suspended in 5 to 6 tsc. of sterile water, and 1 o.o. of the 
suspension added to each of five to sis tubes of sterile milk, 
which are then heated to 80° C. for ten minutes in a water-bath, 
and incubated anaerobically at 37° 0. for forty-eight hours 
(filter-brushing method). A better method* is to employ 
large boiling tubes or sunll Ellen mover flasks, each containing 
25 to 50 c.c. of sterile milk. To each tills* a quantity of 
water equal to that of the milk is added, the tulics are then 
heated in a water-luit h to 80° 0. for fifteen to twenty minutes, 
some sterilised oil or melted vaseline is poured on the surface 
to exclude air, the tubes are cooled ill water to 37° G\ or 
thereabouts, and incubated for forty-eight hours at 37° C. 
Not less than 200 c.e. of the wafer should Is? used. The 
typical change in the milk (see p. 452) indicates the proljublu 
presence of the organism. To make sure that the change is 
due to the 1). Welchii and not to the C. hiihjricum, 1 c.c. 
of the whey per 100 gnu of body weight should kill a guinea- 
pig in forty-hours when injected subcutaneously. 

The virulence of apepi wce-tca ter culture lias been suggested 
as an index of contamination, but in the writer's bauds lias 
not given reliable results. If sufficient peptone and salt be 
added to a measured volume of tbo water to form a 1 per 
«cent. solution of the former and a J per cent, solution of the 
latter, the mixture incubated at 37 c C. for twenty-four hours 
and injected intra-peritoneally into a guinea-pig, a liad water 
is stated to kill, whereas a good one does not. The amount 
' to be injected is 2 c.c and death should ensue within forty- 
eight hours. ' 

Intsbprbtaiion op Results. —The interpretation of the 
results of the bacterioscopic examination of water is a 
; difficult matter, for which experience is necessary. Just 
' Jl. T. Hewlett, Trane. Path. So**. Land., vol Iv, I0U4, p. 123. 

* * -V ' !>* r'r, l 5 . 
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as in chemical analysis, it is not possible to lay down 
an absolute standard, a knowledge of the source and 
surrounding conditions being of the greatest importance 
in ffirming an opinion. The ultimate aim is, of course, 
the detection of sewage or bocal pollution; the bac- 
terioscopic analysis does not give any information as to 
the suitability of the water for household, trade, or 
factory purposes. 

Number of colonies on the gelatin plates. —The 
number of colonies represents approximately the number 
of organisms in the original sample capable of develop¬ 
ment aerobically at ‘20° C. in gelatin. This number in 
a good water rarely exceeds 100 or 150; in pure waters, 
particularly those coming from deep chalk-wells, there 
may be only a few—5 to 10 per c.c. (the results are 
always expressed in numbers per cubic centimetre of 
tlio original water). In waters of poorer quality the 
number may approach 500 per c.c. Anything over 
this casts suspicion on tho water, and 1000 per c.c. or 
more should probably condemn tho sample, always 
supposing, of course, that multiplication in vitro can bo 
excluded by tho proper storage of the sample bottle 
in ice. As a rule in water of good quality liquifying 
organisms are scanty, while in a polluted water they 
are numerous. 

Number of colonics on the agar plates .—As men-» 
tinned before (see p. 612), it is the ratio of the number 
of organisms developing on the agar plates to those 
developing on the gelatin plates that is of importance. 

Number of B. coli. —The detection and enumeration 
of B. coli are regarded by all as perhaps the most im¬ 
portant part of water examination. TJio number of 
B- coli is estimated from the amounts of water that 
have been added to the tubes of media, which, however, 
assumes that the organism is regularly distributed 
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throughout the sample^ and must so far as possible be 
ensured by thorough mixing. Tho results generally 
coine out fairly coneordantly, though irregularities 
exceptionally occur which can only bo obviated* by 
making duplicate sets of cultures. It is better to statu 

the result as u B. coli present in.e.c. of water” 

rather than to say that so many B. coli are present, 
though as a matter of fact the latter statement is 
approximately correct. Adopting the writer’s method 
for B. coli (p. 615), if none of the tubes contains B. coli , 
we say that “ B. coli is absent from 50 e.c.”; if the 
25 c.c. tube contains B. coli, but not the remainder, 
“ B. coli is present, in 25 e.c. but not in less,” and so 
on. 

If nothing is known about the water, the following 
standards may be adopted : 

(а) Waters of good quality. — B. coli absent in 50 c.c. 
of the water. 

(б) Water# of medium quality .— 1!. coli. present in 
50 c.c. but absent in 25 c.c. 

(f) Waters of poor quality. — B. coli present in «>() c.c. 
and 25 c.c., but absent in 10 e.c. 

(d) Waters of suspicion « quality .— B. coli present in 
50 c c., 25 c.c., and 10 c.c., but absent in 1 c.c. 

(e) Waters unjit Jor drinking. — B. coli present in 
1 c.c. or less. 

Waters which show no B. coli in 50 e.«\ are of a high 
degree of purity, and therefore the proved absence of this 
organism i lathis amount, and still lletter in larger quantities, 
is of great value. 

B. coli should be absent from at least 50 c.c. of spring or 
deep well water, possibly from greater amounts. 

In upland surface waters the presence of B. coli in 40, 10, 
or even 2 or 1 c.e. means contamination, but not necessarily a 
contamination which it iB essential to prevent. It may be 
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from contamination with the excreta of animate grazing on the 
gathering areas, and is by no means necessarily from sewage 
or other material containing specific organisms of infection. 
If B. coli are present in numbers greater than, say, 500 per 
litre (or even in that amount), bucIi a water is suspicious, as it 
is rare to get so many B. coli in a water from the kind of 
animal contamination indicated, and further investigation is 
desirable. In filtered samples the number of B. coli is, as a 
rule, considerably reduced. 

In surfuce wells B. coli iii large numbers indicate surface 
or other contamination, generally very undesirable if not 
actually dangerous. 

It must clearly Ins understood that thu presence 1 of the 
B. coli in water is used as an index of pollution, just' os the 
organic ammonia is in n chemical analysis. ' This organism is 
not necessarily harmful in itself; it is what it indicates, viz. 
pollution, probably with human excremental matters, which 
may contain the organisms of specific disease, e. g. typhoid, 
dysentery, and cholera. As a routine, the typhoid bacillus is 
never looked for, and the statement sometimes seen in the 
report on the bacteriological examination of a sample of water 
that " no typhoid bacilli liuye been detected ” is of little 
value. It is on the general results of the examination, as 
detailed in preceding pages, that a conclusion is arrived at 
respecting the purity or otherwise of a water. 


Bacillue Welchii .—This organism beilig abundantly 
present in fumes and sewage, its presence in water lias 
been suggested as an indication of pollution. Its spores, 
however, are very resistant, and it might, therefore, gain 
access to the water in ways other than by direct pollution 
*—e, g. in dust—and for this reason the - committee did 
- not recommend tlie search for this organism as a routine 
procedure. On tbo other hand. Thresh 1 lays a good 
'deal of stress on it, and the following are Standards 

* -Public Health, 19:*. 
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suggested by him, based on an examination for, and 
detection of, B. coli and B. Welchii: 

1. Water showing the absence of organisms cupalflp of 
fermenting glucose, and of the B. Welch!i. These we regard 
as being free from any evidence of pollution. 

2. Waters showing the absence of organisms capable of 
fermenting glucose, but containing the B. Welrhii, or its near 
ally. In the few cases of this kind which have come under 
our observation we have inferred the absence of sewago 
pollution, but the possible presence of water derived from 
fertile soil. This inference has l»een verified on more than 
oue occasion. 

8. Waters containing organisms capable of fermenting 
glucose, but not lactose, but free from the spores of the B. 
Welchii. These are regarded as unpolluted. 

4. Waters differing from No. 3 only in containing spores 
of the B. Welchii. These we regard as free from sewage 
pollution, but as probably containing soil washings. 

6. Waters containing lactose fermenters, none of which 
belongs to the Bacillus coli group, and free from the spores 
Of the B. Welchii. These we do not regard as being sewage- 
polluted, but as containing surface water or subsoil wnshings. 
. 6. Waters resembling No. 5, but containing the spores of 
the B. Welchii. These waters are usually from a source 
requiring careful watching, manurial matter probably being 
need on the collecting area. 

: 7. Waters containing organisms of the colon group other 
than the B. coli, but no spores of the B. Welchii. These we 
do not regard as dangerously polluted, bit as prolwbly 
Miming from a source such as that referred to under No. 6. 

" 8. Waters containing organisms of the colon group other 
than the Kcoli, and also spores of the B. Welchii. Pollution 
indicated, but possibly from a source not close at baud. The 
Necessity for fixquent examination is essential, especially 
After heavy nuns, as sueh waters usually sooner or later show 

more serious signs of pollution. 

9. Waters oonfa d"in g the true B. coli, but no spores of the 
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B. Welchii. Such waters are occasionally met with. No 
opinion can he expressed without an intimate knowledge of 
the source. We have had such water from a source absolutely 
freeT from the possibilities of contamination, but usually 
subsequent examination has revealed the presence of the 
spores of the B. Welchii. The proximity of manured soil is 
strongly indicated. 

10. Waters containing the true B. coli and spores of the 
B. Welchii. These we regard aB being decidedly contaminated 
with fecal matter of recent origin. 

Streptococci .—Streptococci are abundant in feces 
and sewage, *but are extremely rare, if ever present, in 
unpolluted natural waters; hence the value of their 
detection. Streptococci as a class are delicate organisms, 
and it was supposed that their presence indicates recent 
pollution. 1 Horrocks, on the other hand, believes that 
they maintain their vitality longer even than B. coli, 
and this is rather the opinion at present. We need 
further data before we can exactly estimate the value 
of streptococci as indicators of pollution. There can 
be no question, however, that the detection of many 
streptococci, together with B. coli, indicates serious 
pollution. 

There can be no doubt of the value of the bacteriological 
examination of water, but it cannot entirely supplant chemical 
analysis, which on account of its rapidity and the valuable 
data it yields will probably always remain an integral part of 
the examination of potable waters. If the water be pure and 
uncontamiuated, the bacteriological examination will occupy 
three days ; but if contamination be present, though it may 
be presumed in the same time, ten days or a fortnight may be 
required to convert this presumption into uncertainty, owing 
- to the length of time necessary for determining the characters 
of the organism present. 

1 Houston, Sep. Med. Of. Lot. Qov. Board toe 188S-W. 
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Media Employed for the Isolation of B. Coli. 

(1) Carbolised gelatins —Ordinary nutrient gelatin wjjli the 
addition of 0'05 per cent, of phenol. (Hardly used now*) 

(2) Bile-salt peptone water (MacConkey aiul Hill).—The 
composition of this medium is as follows: Sodium tnurocho- 
late 0 5 grm., glucose or lactose 1-0 gnu., peptone 20 grin., 
water 100 c.c. The constituents are dissolved by heating; 
the mixture is filtered, and after filtration sufficient, neutral 
litmus solution is added to give a distinct colour. The medium 
is then distributed into Durham's fermentation-tulics and 
sterilised by steaming for twenty miuiites on three surecHHiro 
days. The medium may be put. up in various Hired tubes, a 
measured volume in each— e.g. 10 e.e. t 20 c.c., 25 c.c., etc., 
according to the quantity of water which is to Ik> added. For 
the larger quantities the medium may la* made double the 
above strength. The inoculated tidies are incubated ut 42° C. 
for forty-eight hours. The B. coli reddens and ferments both 
the glucoge and lactose media, so that gas collects in the 
fermentation tube. 

(3) Neutral-red broth (Hunter, Makgill, Savage)-—The 
dye known as neutral-red (Griibler's) is reduced by the action 
of the B. coli, the colour changing to a canary yellow, accom¬ 
panied by a green fluorescence. The B. enteritidis (Gartner) 
also reduces neutral-red, but the B. typhosus does not do so, 
nor do streptococci, B. pyocyanens, and Spirillum rholerw. 
Some anaerobes also possess a reducing action. Glucose agar 
or broth (0 5 per cent, of glucose) is employed, and to every 
10 c.c. of the medium 01 c.c. of a 0-5 per cent, aqueous solu¬ 
tion of neutral-red is added. Savage recoininends the follow¬ 
ing procedure: 10 c,c. of the water are added to a 10 c.c. tube 
of neutralised broth ; also to 40 c.c. of the water contained in 
a bottle or flask a 10 c.c. tube of the broth of quadruple 
strength is added. Both are incubated at 37 u C., and examined 
daily up to eight days. If reduction occurs, B. coli is almost 
certainly present in the water; if reduction does not occur ita 
presence is' highly improbable. 

(4) Glucose formate broth (Pakes).—To ordinary meat 
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infusion 1 per cent, peptone, 0'5 per cent, sodium chloride, 

2 per cent, glucose, and 0*4 per cent, sodium formate are 
added. When these hare been dissolved by heating, the 
medium is neutralised (indicator, litmus), and after neutrali¬ 
sation 2 c.c. of normal caustic soda solution per litre are 
added ; the broth is then steamed for twenty minutes, filtered, 
and distributed into test-tubes, 10 c.c. in each, which are 
steamed for twenty minutes on each of three successive days. 
These tubes are inoculated with the water, and incubated 
anaerobically at 42 J C. for twenty-four to seventy-two hours. 
Tubes showing any. growth at the end of twenty-four, forty- 
eight, or seventy-two hours are removed and examined micro- 
• scopically and by plating. 

(6) Bile-salt lactose agar (MacConkey).—This medium 
is prepared by adding to 1000 c.c. of tap-water in a flask 
2 per cent, of peptone, 0‘5 per cent., of sodium taurocholate, 
and 1 '5 per cent, of agar. The mixture is autoclaved at 105° 
to 110° C. for 11 hours, cleared with a small addition of 
white of egg, and filtered. To the filtrate 1 per cent, of 
lactose is added. The medium is then distributed into test- 
tubes, 10 c.c. in each, aud sterilised by fifteen minutes’ steam¬ 
ing on three successive days. Plates are made and incubated 
at 42° C. for forty-eight hours. The colonies of organisms 
which ferment lactose with the formation of acid are sur¬ 
rounded with a cloudiness or haze owing to the precipitation 
of the taurocholate. Neutral-red or krystal violet may be 
added (proportions, Bee Nos. 3 aud 6). 

(6) Vonradi-Drigahki agar. — Mixture A. —To 1 litre of 
. acid beef broth (p. 66) add : 

Witte’s peptone.10 grm. 

Nutrose . . . . 10 „ 

Sodium chloride.6 „ 

Steam for one hour, and add 25 grm. of powdered agar. 
Steam for three hours, bring to a reaction of + 10, and filter 
through “ papier Chardin.” 

Mixture B. —Boil for a few minutes 100 c.e. of Kubel- 
Tiemaxm's litmus solution, add 15 grm. of pure powdered 
lactose^ and boil again for a few minute*. / 
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Add B to A, and to this mixture add 2 c.c. of a hot 10 per 
cent, solution of anhydrous sodium cnrlmnutt* ami 10 e.c. of 
a 01 per cent, solution of krvstal violet. The medium is 
tlieu tubed, 10 c.c. being placed in each test-tulA, and 
sterilised. 

In using the medium it should Ik* employed as surface plates. 
The required number of tubes are melted in a water-bath, and 
their contents poured out into sterile Petrie dishes and allowed 
to set.. These sterile plates are then placed in the warm 
incubator for an hour or so with the lids slightly tilted at one 
edge, so that the surface of the medium may dry somewhat. 
The matter to be plated is sufficiently diluted, and from a few 
drops to 05 c.c. are run on to the surface and spread by 
means of a glass rod bent into a flattened hook, and steriliwHl 
by boiling. On this medium in forty-eight hours /?. roll 
forms large red colonies, B. typ/mxii* and B. tlytculrritr small 
blue colonies, and streptococci small delicate red colonics. 
Other organisms are to a lurge extent inhibits! from 
developing. 

(7) S.D.8. rebipelarjar (Houston).—“ Hehipelagar” has lieen 
much used by Houston 1 for the isolation of B. culi. It has 
the following composition: Agar 20 grin., tanrocholato of 
soda 5 grm., lactose 10 grm. neutral-red 4 c.c. of a 1 per cent, 
solution, peptone 20 grm., water 1 litre. The S.D.S. rebi- 
pelogar has the following composition : Agar 20 grm., tauro- 
cholate of soda 5 grm., lactose 2 5 grm., neutral-red 4 c e. of 
a 1 per cent, solution, peptone 20 grm., saccharose 2‘5 grin., 
dulcitol 2 5 grm., salicin 2‘5 grm. 

The Isolation of Specific Organisms from Water. 

The principal disease-producing organisms conveyed by 
water are the B. lyphoau #, B. paralyphnHiw, B. dywi/oiV, and 
Spirillum cholertv. 

The Isolation or B. typhosus, B. parattphosuh, and 
B. dysenteric FROM Wateb. —There is great difficulty 
in isolating the B. typhotus from water that lias lieen very 
* Pint Rep. on Rteearch Work, Met. Water Board, 1908. 

40 
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copiously contaminated with specifically polluted sewage, 
there is, therefore, far greater difficulty when the specific 
pollutiqp has been small in amount. The earlier records of 
the isolation of the B. typhosus must Iks accepted with much 
scepticism, as the methods of identification 'were formerly 
incomplete and unsatisfactory. It is necessary to bear in 
mind that usually, when drinking-water has suffered sewage- 
pollution, the amount of the pollution is relatively very minute 
when compared with the great bulk of the water supply. 
Moreover, allowing ten days as the average incubation period 
of typhoid fever, another week before tho disease comes under 
notice, and another week before the fact that an epidemic is 
in progress is recognised, at least a month will have elapsed 
between the date of infection of the water supply (supposing 
this to have occurred on one occasion only, as may lie the 
case) and the taking of the samples for examination, a period 
during which all the typhoid bacilli may have died out. The 
contamination of water may, however, be of an intermittent 
nature. 

Numerous methods have been devised for the isolation of 
the typhoid bacillus from an infected water. With rare 
exceptions, it is impossible to detect the organism by 
direct plating; it is too scanty and too mixed with other 
organisms to admit of this, and therefore concentration of 
the bacterial content, of the water must be attempted. The 
following are some of the methods which have beeu suggested 
for this purpose; they serve equally well for B. para typhosus 
and B. dysenteritv. 

1 ..Filtration through a porcelain filter. —By passing one 
to two litres of the water through a sterile Pasteur-Chamber- 
laml filter, the whole of the organisms preseut may theoreti¬ 
cally be collected in a few c.c.’s. Practically, however, a 
large proportion of the organisms are lost in the process: 
perhaps they get carried into and remain in the superficial 
layers of the filter-candle, and for this reason, though some* 
times employed, this method has been largely given up. 

* See H. S. Wilson, Journal of Hygiene, vol. v, 1905, p. 429; 
MoWeeney, Brit, Med. Jours., 1900, vol. ii, p. 866. 
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2. Concentration. —W, J. Wilson 1 has devised flip following 
method: The water is placed in one or two Winchester 
quart bottles, and lOc.c. of nutrient broth are tilled for 
every litre. The bottles are placed in a water-lsitlf main¬ 
tained at 87°-40°C., and are connected by rublier corks ami 
tubing with a condenser (at a lower level) through which 
cold water continuously passes, and the tube of the condenser 
is connected to a large bottle (at a still lower level). This 
bottle is kept partially exhausted by means of a filler-pump. 
The water evaporates and is thus concentrated, I he evaporated 
water being condensed and collected in the exhausted bottle. 
It requires twenty-one to twenty-two hours to evaporate 
a litre of water. The water remaining in the liottles, 
now concentrated to a few c.c.’s., is then plated on Counuli- 
Drigalski or malachite-green agar. 

8. Chemical precipitation .—These methods depend on the 
formation in the water of a fine, inert precipitate, which 
entangles and carries down with it a large proportion of the 
bacteria present. Thus, in the Vallet-SchiidoH method, to 
2 litres of the water are added 20c.c. of a 775 per cent, 
solution of sodium hyposulphite and 20c.c. of a 10 jjer cent, 
solution of lead nitrate. The precipitate is allowed to settle 
or is centrifugalised off, is dissolved in a small volume of a 
saturated solution of the hyposulphite, from which plates are 
made in suitable media. Ficker 1 uses ferrous sulphate after 
making the water faintly alkaline with caustic soda; the 
ferrous hydrate formed carries down the micro-organisms 
(this must be a risky procedure, as the typhoid bacillus is 
very sensitive to caustic alkalies). Iron oxychloride may also 
be used os the precipitant. H. 8. Willson {tor. cit.) employs 
alum. A stock solution of alum is prepared, containing 10 
grin. pe^lOO c.c., and of this sufficient is added to the water 
to obtain 0*5 grm. to the litre. After the precipitate of 
aluminium hydrate has formed, the vessel is well shaken to 
mix its contents, and the mixture is centrifugalised for fifteen 
1 Brit. Mad. Jo urn., 1907, vol. i, p. 1176. 

• Zaitaehr.J. Hyg., xlii. No. 2, p. 317. 

1 Hyg. Bnndaehau, xiv. No. 1,1004, p. 7. 
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minutes at 2000 revolutions per minute. The clear, super¬ 
natant fluid is then syphoned or poured carefully off from the 
precipitate, and the muss of precipitate in the conical extre¬ 
mity dt l he tube stirred up with the little fluid (0 5 to 1 c.o.) 
remaining. Tiie suspension is then plated out on Conradi- 
Drigalski, malachite-green or brilliant-green, agar. This 
seems to be a very promising method. 

4. Serum agglutination. —An anti-typhoid serum—theserum 
of an animal which has l>een inoculated several times with 
the typhoid bacillus, having the power of agglutinating 
typhoid bacilli—if added to a water would presumably agglu¬ 
tinate any typhoid bacilli into masses which will sediment or 
may l>e centrifugalised off. The method has lteen used by 
Schepilewsky, 1 who adds 10 to 20 c.c. of the water to flasks 
containing 50 c.c. of nutrient broth, to which after three or 
four days’ incubation at 37° C. an addition of the typhoid 
serum is made, and after standing for some hours and centri- 
fugalising, the deposit is plated out. 

5. Method of enrichment. —The principle of this ( method 
is to devise a medium which shall allow of the multiplica¬ 
tion of the typhoid bacillus, and at the same time prevent, 
or at least retard, the growth of B. coli and allied forms. 
Almost all the methods which have* been introduced for 
this purpose fail, inasmuch as, though they inhibit the 
growth of a great many organisms, they do not inhibit 
the growth of the B. coli. or, if they do, inhibit the B. typhosus 
to a still greater degree. Koth 2 found that caffeine in broth 
would retard B. coli, but allow B. typhosus to multiply. The 
method has been further elaborated by Hoffmann and Ficker,* 
who convert the water itself into a nutrient medium by the 
addition of 1 per cent, of nutrose, 0 5 per cent, caffeine, and 
0'001 per cent, of krystal violet. The mixture is incgbated at 
37° C. for not more than twelve to thirteen hours, at the end 
of which time the typhoid bacilli should have multiplied to 
Buoh an extent as to permit of direct isolation by plating, the 

* Centr.f. Baht., Orig., xxiii. No. 5, 1003. 

* Hyg. Rundschau, xiii, 1003, p. 480 . 

* Ibid., xtv, lOt 4, p. 1. 
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li.cvli being inhibited. Many olmervers have shown. how¬ 
ever, that while caffeine may materially help, it cannot lie 
entirely relied on to eliminate B. ndi and allied fong. 

t>. Proceea of Cambier. —Camhicr 1 lias devised u^inKW 
baaed on the idea that an actively inutile organism will find its 
way through the pores of a porcelain iiltcr more quickly than 
feebly or non-motilc forms. His procedure is to make use of a 
special alkaline peptone medium, which is pi.iced in a glam 
jar. In this is immersed a Pustciir-Chamhcrland filter- 
candle half tilled with the same solution, to which is addisl a 
little of the fluid to la* examined, and the whole is incultated 
at 37° C. Sooner or later growth appears in the fluid outside 
the candle, and Cambier states that if typhoid bacilli Ik* present 
they will make their appearance before /f. c«//. In hands 
other than those of Cambier, however, the method has not 
proved successful. 

7. Fuchtin Atjtir ( Kudo). -One litre of 3 |ier cent, nutrient 
agar is made alkaline with 10 e.c. of l<* js*r cent. NaOll 
solution after neutralisation. Pure lactose It) grin, and 
saturated alcoholic fuchsia solution .5 c.c.are added, mul alter 
mixing, 25 c.c. of fresh It) |K*reent. solution of sodium sulphite 
are added. The medium when cold should Is* colourless. The 
medium is used as surface plates, and on it typhoid and |>aru- 
typhoid colonics iu\s colourless, coli colonies are red. 

8. Malachite-yreen Media.-- T.bffler has found that mala¬ 
chite green (No. 12b Hoechst) in tlx* pro|sirtioii ol ulsiiit 1 in 
500U in media inhibits the growth of B. rnli while Htill |s*r- 
luitting the growth of B. Ii/jdinitiix. The dye may Ik* added 
either to liquid or to solid media. The medium recommended 
by Loffler* is composed of 3 js*r cent, agar made with meat 
infusion, with 1 per cent, nut rose, and containing in every 
100 c.e^g-2-5 e.c. of a 1 |s*r cent, solution of malachite green. 
On this inediuui the B. typhonu* grows in twenty-four hours 
as delicate, slightly crinkhsl colonics, surrounded by a 
colourless zolfb (due to alkali formed by the bacilli), llius 

1 Bte. d’Hyy.. 1802, p- <**• 

* Iteatteh. med. ItVk., 10CU, Ne. H. 



630 


Manual of Bacteriology 

it in possible to detect one colony of B. typhus ns among 300 to 
600 colonies of other bacteria. As a medium for “ enriching ”— 
i. e. for gpecially advancing the growth of the B. typhosus — 
Liifflei* recommends a 15 per cent, gelatin, prepared with beef- 
juice and peptone, and containing per 100 c.c. 3 c.c. of doubly 
normal phosphoric acid and 2 c.c. of 2 per cent, malachite-green 
solution. With the suspected mutter, firstly, one series of 
malachite-gelatin plates is prepared uud incubated at 25° C. 
for twenty to twenty-four hours; secondly, a tube of malachite 
gelatin is inoculated and inculsited at 37° C. for twelve to 
twenty four hours ; from this a second tube is inoculated and 
incubated at 37° C., and then plated out on malachite gelatin 
uud incubated at 25° C. The colonies of B. typhosus are well 
marked after twenty to twenty-four horn's, as large us a pin’s 
head, transparent, highly retractile, light grey and granular. 
Their shape is circular or oval, uud they show characteristic 
offshoots resembling u bone-corpuscle or the body of un ucarus. 
By using this 15 per cent, gelatin, which can be incubated at 
25° C., there is the double advantage of speedy grojvth and 
formation of very characteristic colonies. 

Houston recommends S.D.S. rebipelugur (p. 625) with the 
addition of malachite-green to the extent of 1 in 5000 (0*2 grin, 
to the litre). On this medium B. typhosus forms colourless 
colonies; most other bacteria do noL grow, or appear as blue- 
black colonies. 

9. Werbitski'sGhuui ijreenmjar. —For this3 per cent, nutrient 
agar (reaction +13) is used, and to every 100 c.c. of the agar 
1'4-1'5 c.c. of a 0*2 per cent, aqueous solution of china green 
(Oruhler’B) are added. 

10. Brilliant greenagar.— Conradi devised an agar containing 
brilliant green and picric acid, and this has been modified by 
Fawcua 1 as follows: To 900 c.c. of tap-water are added sodium 
tttUrochalate. 5 grin.; powdered agar, 30 grin.; peptone, 20 
gnn.; and sodium chloride, 5 grin. Dissolve the constituents 
by steaming for three hours, filter through wool, and bring to 

, a reaction of + 15 (by means of lactic acid or NaOH, as the 
'ease may be). In 100 c.c. of distilled water dissolve 10 grin. 

< Jonm. Ref. Army. Mtd. Corps, February, 1906. a 147.. 
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lactone and add thin to the former, filter, distribute iu Husks 
(100 c.c. in each), and sterilise. At time of juiing, melt, and 
add to each 100 c.c., 2 c.c. of a 1-1000 aqueous solution of 
brilliant green and 2 c.e. of a 1 100 aquiHtus picrur acid 
(extra-pure, Griiblor's). Typhoid forms round, transparent 
retractile colonies of a light pale green colour by transmitted 
light, B. coli dark green colonies with an opaque spot at the 
centre. 


Conclusion. —The writer would suggest for the isola- 
tion of B. typhusn» from water: (1) C'oneeiilratiou of 
the organism by precipitation with alum (Wilson’s 
method) or iron oxychloride, followed by plating of 
the precipitate on Conradi-Drigalski agar, or, better, on 
inalucliite-green agar (Lbffler’s or Houston’s, No. H 
above),or brilliant-green agar (No. 10 above); (2) enrich¬ 
ment by fjbffler’s method and subsequent plating. fu 
all cusca the organism isolated must be examined as to 
its morphological, cultural, and biological characters, 
and should have its agglutination and Pfeiffer reactions 
tested with a high-grade typhoid scrum. Two organisms 
which are likely to be mistaken for the B. typhosus, 
unless all tests are applied to them, are the B. 
( ’J'xculis ) alkuliyenes and B. (<ui until in) sulcutus. I loth 
occur iu the dejecta and iu polluted water, and arc 
very like the B. typhosus in morphology, motility, 
staining, and cultural reactions, but neither aggluti¬ 
nates with typhoid serum. The B. olkuliyctms some¬ 
times produces a brownish growth on potato, it renders 
litmus milk alkaline and produces alkali, but no gas, in 
glucose, lactose, dulcitol, mannitol, saccharose, and 
salicin. Th^ B. sulcatan hardly grows at 37° C. and is 
almost a strict aerobe, little growth occurring in tbu 
depth of a stab. Some varieties of typical and of 
atypioal B. coli agglutinate with typhoid serum, so 
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that a punitive agglutination reaction docs not neces¬ 
sarily prove that an organism is B. typhotm«. 

Th Isolation of the Choleba Bacillus from Wateh.— 
The detection of Koch’s comma bacillus (Spirillum cholerte ) in 
water, as in the case of the typhoid bacillus, is a matter of 
some difficulty, as this organism is rapidly overgrown by the 
ordinary water bacteria. In the examination of suspected 
water supplies, the best method to employ for the detection 
of this organism is to take advantage of the fact, first noted 
by Dunham, that the cholera spirillum multiplies with great 
rapidity in alkaline saline peptone solution. The suspected 
water is examined as follows : To 300-500 c.c. of the water 
are added 1 per cent, each of puro peptone and of common 
salt; the mixture is made faintly ulkaline with sodium 
cnrlwnate, distributed in a dozen small Erlenmeyer flasks 
having a layer not more than an iuch deep in each, the flasks 
are loosely capped with caps of filter-paper, and incubated at. 
37° C. At intervals of ten, fifteen and twenty hours respec¬ 
tively, hanging-drop and cover-glass preparations <are made 
from the top of the li<|iiid, on which there is often a surface film, 
and care must 1>e tuken not to disturb this; these are then 
examined microscopically for vibrios and spirilla. At the 
same time agar, or, better, blood alkali agar (p. 471) plates 
ure prepared ami inculHited at blood-heat. Any colonies that 
appear which resemble the cholera spirillum are examined 
'microscopically ; if the organisms are comma-shaped, they are 
at once subcultured into peptone water and other media 
The original peptone water cultures are tested for the indole 
reaction with pure hydrochloric acid, withdrawing some of 
the contents of the flasks with a sterile pipette. Any likely 
spirillum isolated must have its cultural and biological 
reactions investigated and l>o tested for the agglutinfition and 
Pfeiffer reactions with a high-grade cholera, serum. 

On the survival of the typhoid and cholera organisms in 
water, see pp. 381 and 461 respectively. 

Ice and ice-creams may be examined by methods similar to 
those used for water, the material being first melted at a low 
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temperature. Some oFtl le fluid should also lie cent rifugaliscd 
and the deposit examined microscopically for gross con¬ 
tamination. 

The infection in typhoid fever and cholera,* and 
perhaps also in bacillary dysentery, is perhaps more 
frequently water-borne than conveyed in any other way. 
It might be supposed that the acid gastric juice would 
prevent this, and it may do so in many instances. 
Kxperiments by Maefadyen 1 showed that, whereas in 
fasting animals, to which suspensions in water of the 
cholera spirillum were administered, living spirilla pass 
into the intestine, when the vehicle is milk none could 
be detected in the intestines. The inference is that 
when there is no food there is no gastric juice secreted 
and the organisms are able to passim into the intestine, 
but when food is present the gastric juice is secreted 
and the organisms are destroyed. 

Stkkii'imation ok Watkk.- --This ma\ he doiicou the small 
scale l>y heal, by the use of germicidal agents, or by filtration 
through a filter (set* p. 085). Heat may Is* applied by simple 
, ladling, or by the use of apparatus in which the water is 
heated to 65°-SM)°C., and the outgoing hot water is cooled by 
the ingoing cold water, which itself is thus warmed, thereby 
effecting economy in fuel (Urifliths’ and other sterilisers). 
The chemical germicides that have Is-en employed are ( 1) 
sodium bisulphale, 15 grains to the pint: (2) Potassium 
permanganate, sufficient to tinge the water deeply for at least, 
half an hour; (8) chlorine gas or iodine tablets, 3 in Isifh 
cases the taste of the agent being destroyed by the addition of 
sodium sylpliite; (4) copper and copper sulphate. Sufficient, 
metal is dissolved from bright, copper in twenty-four horns to 
destroy typhoid and cholera. Copper sulphate 1 in 100,000 
or less is similarly germicidal, and in still smaller quantities (l 
in 1,000,000) destroys alga;, anil has been used for the purifica- 

1 JoHm. of Annl. and Phytinl., vol. xxi. 

4 Nesfleld, loum. Pre r. Med., vol. xiii, 1905, p. #2). 
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tion of reservoirs overgrown with algrn. On the large (also 
small) scale, chlorine derived from hypochlorites is one of the 
simplqgit and most efficient agents. Moor and Hewlett 1 
showed that 0‘25 part of chlorine (equivalent to about 0*75 
part of good chloride of lime) per million parts of chalk 
water is sufficient to kill B. coli in half an hour. The taste 
disappears quickly in briglft sunlight and on standing, or 
may be removed by an addition of sodium sulphite. If the 
water is organically polluted, more chlorine must be used. 

Ozone produced by high-tension electric discharge is also 
employed on the large scale for the sterilisation of water 
supplies, e. g. at Chartres. 

Examination or Shell-Fish.— Shell-fish may come from 
sewage-polluted layings (see p. 3S2). The following method 
may be employed for their examination (after Houston) : 

The outside of the shells are cleaused by thorough 
scrubbing and rinsing in tap-water, and a final rinse iu sterile 
water. The fish after demising are laid on a sterile towel. 
The operator then .cleanses his hands and opens ^the sliplls 
aseptically with a sterile oyster-knife, care being taken to 
avoid Iosb of their contained liquor. The liquor os each fish 
is opened is poured into a sterile litre cylinder, and tho fish is 
cut up with Bterile scissors and added to the liquor in the 
cylinder. Ten fish should be treated, the volume of fish + 
liquor noted, and sterile water is then added to make up to 1 
j|pUtre ; 100 c.c. liquid therefore corresponds to one fish. In 
addition, four dilutions of the liquid are prepared —1 in 
10, 1 in 100, 1 iu 1000, and 1 iu 10,000. With the liquid 
and dilutions gelatin and agar plate cultivations are prepared 
foi*the enumerations of the organisms present. Cultures are 
also made in litmus lactose bile-salt peptone water and in 
. milk for the enumeration and isolation of B. cajjt and B. 
WeUikii respectively, taking 100 c.c. 10 c.c„ and 1 c.c. of the 
liquid, and 1 e.c. of each of the four dilutions; in this way 
. the contents of the fish, ranging from one fish to tssioco 
. a fish, are examined. The process and principles involved 

'Ji*, StOf. Mtd. Of. to. Board tor 1900-10, p. 0110. , 

A;.-;.* .0> ■ - 
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correspond to thoso described for water. Houston has 
suggested For oysters as a lenient standard less than 1000. 
and as a stringent standard less than 100, B. cnli per oyster. 
Even, ten B. colt per fish should be viewed with suspicion* for 
Hewlett and others have shown that oysters from pureluviugs 
contain no B. coli. 

Waiercreaa, etc., may be examined in a similar manner. 100 
grin, being weighed out and transferred bit by bit. with 
sterilised forceps and scissors to a flask containing 900 c.e. of 
sterile water. The flask is shaken vigorously, and the 
washings examined in a manner similar to that employed for 
shell-fish. 


Filters. —Reference has already been made to the 
removal of orgnnisins in water by sand filtration. 
With regard to filters for domestic use, few of those 
in the market are capable of doing more than removing 
particles ^of suspended matter, while they allow from 
5 to 50 per cent., or evon more, of the bacteria present 
in the water to be filtered, to pass through. .Such 
filters are, of course, useless for the prevention of 
disease—in fact, rather favour it, by engendering a 
false sense of security ; and when in use for some 
time without cleaning, the water after filtrution may 
be worse, bacteriologicaliy am] chemically, than before 
filtratiou. 

Wood head and Wood 1 found that the only filters 
which were capable of completely removing organisms 
were the Pasteur-Cliainherland, Berkefield, and l'orce- 
laine d’^niante. The Berkefeld, while more rapid in 
action than the other two, after being in use for a few 
days may allow some organisms to appear in the 
filtrate. This*perhaps, is due rather to a growth of 
organisms through the pores of the filter-candle than to 

t Brit. JMj Mni., ISM, vol. if, p. 1063 el uq. 
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a direct passage. Lunt 1 found that while the ordinary 
water bacteria, such as the B. fluoreucvns liquefacien*, 
appeared in the filtrate from a Herkefeld filter within a 
few days of the infection of the sample, the typhoid 
bacillus ami the comma bacillus similarly introduced 
had not passed through-the filter four or five weeks 
after infection. 

Horrocks, a however, does not confirm this, and has 
found that when sterile water is inoculated with typhoid 
bacilli and run daily through a Herkefeld filter, the 
bacilli appear in the filtrate in one to two weeks, 
whereas this is not the case with the l’asteur-Chamber- 
land. Thu writer has made some similar experiments, 
which partially, but not entirely, support Morrocks’s 
conclusions. Much evidently depends upon the chemical 
composition of tho water. 

Messrs. lJoulton have constructed a porcelain filter 
which seems to bo perfectly efficient, like tin* I'asteur- 
Chatnborland. All porcelain filters should be cleaned 
weekly by well scrubbing with a nail-brush and boiling 
in water containing some sodium carbonate. 

The Bacteriological Examination of Water-Filters. 

The large majority of water-filters at present, in use are 
iueupable of preventing organisms from being washed through 
into the filtrate. In order to ascertain whutlier this is the 
case with any particular filter, it should Iks sterilised iu the 
steam steriliser, and water containing organisms of known 
species (JJ. prodigioaua, It. violaceus, uni M. agilis are very 
suitable) should !>e passed through it for twenty-flhir hours. 
This water and the filter should during this period of the 
examination be maintained, if conveniently possible, at a 
temperature below 5° C. This will almost invariably prevent 

1 Tran*. Brit, fast <{f Prtv. Med., vol i, 1BU7. 

* Brit. Med. Joun., 1U01, voL i, p. 1471. 
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any growth or multiplication of the organisms. Samples 
should be taken immediately after the filtration has begun, 
awl at intervals during the day, and again at the end of 
twenty-four hours. If they arc all sterile, the filter is capable 
of preventing organisms from being directly washed through. 
In the case of filters of very great density or depth of filtering 
medium, it may be necessary -to prolong the period of 
examination beyond the first day; but most ordinary filters 
which permit organisms to Ik* washed through do so within 
the first few hours. 

Protozoa and Algae in Water. 

The examination of water for the minute forms of life 
other than bacteria, and their enumeration, can Is* carried out 
by the Sedgwiek-Rafter method. 1 A ti-inc’i glass funnel is 
plugged at the bottom of the stem with a perhuated rublier 
cork, over the upper end of which a dine of fine silk bolting 
cloth, cut by a wad-cutter, is laid. Sharp, clean, dry quart/, 
sand is tliyi poured into the stein of the funnel to the depth 
of half an inch above the plug. The sand should 1st of such 
a size that the grains will pass through a sieve of (50 meshes 
to the inch, but not through one of 120 meshes. The sand 
is washed into place and well moistened with a little distilled 
water free from organisms. 

The water to be examined is thoroughly shaken and .500 c.c. 
are poured into the funnel; it runs through the sand, which 
detains any organisms it may contain. After the water has 
all passed through, the rubber plug is carefully removed and 
the sand washed down into a test-tube with 5 c.c. of distilled 
water. The contents of the test-tula* are agitated and the 
tube is allowed to rest until the sand has deposited. 
Immediately this is the case the supernatant, fluid is decanted 
into a second test-tulie, carrying with it the organisms. One 
cubic centimetre of this is withdrawn by a pipette from mid¬ 
way between tile top and bottom and transferred to the 

* Calkin, Ttcenty-lkird Ann. Rep. Stale ffnanl o/ Health, Uaeta. 
chtuette, 1891. 
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counting plate. This consists of an ordinary glass slide on 
'which a rectangular brass cell (20 x 50 ram.) is cemented, 
so enclosing exactly 1000 square mm. The brass cell is 1 min. 
thiak,*so that the cell contains exactly 1 c.c. The preparation 
is covered with a cover-class and examined with a low 
power. 1 


The Bacteriology of Air. 

Just as in water, the bacteria in- the air vary con¬ 
siderably at different times and seasons, under different 
conditions, and in various localities. The species met 
with are mostly saprophytes, consisting largely of 
ohromogenic forms. A number of moulds occur las 
spores), and, in fact, ordinarily are in large excess, 
together with yeasts and torn lee. 

It is not easy for micro-organisms to become diffused 
through the atmospherej they are incapable of a 
voluntary rising, and cannot be torn from f fluid or 
moist solid medium by a strong current of air. The 
medium on which they are growing must dry up 
completely and crumble into fine dust before they can 
be distributed through the agency of air-currents (but 
see p. 385). 

The number of organisms in the air varies with the 
season, with rain, with altitude, with movement, etc. 
At Montsouris, Miquel found in one cubio metre of air 
49 organisms in winter, 85 in spring, 105 in summer, 
and 142 in autumn. After heavy rain the air is 
largely freed from organisms. Frankland found at 
Norwich Cathedral at an altitude of 300 feet 7 
organisms in two gallons, while on the ground 18 were 
found ; at the Goldeu Gallery at St. Paul's two gallons 
of air contained 11 organisms; in St. Paul's church- 

1 On the microscopy of water, see Whipple, Jficmww i of Drinkima 
Water, 
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yard the number was70. On high mountains organisms 
are nearly absent frpm the air, and the .same is the 
case at sea at a distance from land exceeding uhoyt 100 
miles. Organisms are much fewer in the air of* the 
country than in that, of towns. At the entrance-hall, 
Natural History Museum, South Kensington, Frank land 
found in the morning 30 organisms ; in the afternoon, 
when many visitors were present, the number lmd risen 
to 292, showing the influence of movement. Hy 
keeping a volume of air absolutely still, enclosed in a 
box the walls of which were smeared with glycerin, 
Tyndall was able to free it completely from particles 
and organisms. The writer found from 43 to lot) 
organisms per 10 litres of air in some of the principal 
streets of London during the daytime. 

Gordon,' by exposing dishes of neutral-rad broth to 
the air, or by aspirating air through neutral-red broth 
(p. 623),* has been able to detect the presence of the 
S. mlivarinn, M. epidermidi*, and scurf micrococcus 
(p. 241) in air subjected to human contamination. Hy 
these tests and by the use of li. jtrodigiosus as an 
indicator he concludes that particles of saliva are 
disseminated as far as 40 feet in the act of loud 
speaking, indicating the possibility of the wide 
distribution of such pathogenic organisms ns the 
tubercle, plague, and influenza bncilli and the pneumo¬ 
coccus by speaking, and still more so by coughing. 

The number of dust particles in the air may be 
enormous. In London Macfadven anil Lunt observed 
an extremes from 20,000 to nearly 600,000 per c.c. 
The ratio of micro-organisms to dust particles is 
' therefore a vejy small one. 

1 R*pt. Med. Of. hoc. Gov. Board, fur 1002-1004. 
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Bacteriological Examination ot Air. 

P 

A number of methods have lieeu devised for the estimation 
of tiie'numlier of micro-organisms in .the air, of which the 
following are the principal ones: 

(1) Plate method .—Melted sterile nutrient, gelatin is poured 
into a sterilised Petri disli, and allowed to set. The plate is 
then exposed to the air, by removing the lid, for a given time 
—one, five, ten, or fifteen minutes, etc.—the lid is replaced, 
and the plate incubated at 22° C. for some days. The numl)or 
of colonies of moulds, bacteria, yeasts, etc., is counted, ami, 
having estimated the area of the gelatin plate, 1 the result is 
expressed as the number of organisms falling per square foot 
per minute. The results obtained by this method are rotiglily 
comparative, but no estimate can lie formed from it of the 
number of organisms contained in a given volume of the air. 

(2) Heeee'e method .—This is a quantitative method for 
estimating the mimlier of organisms contained in a gifen 
volume of air. The apparatus consists of a glass tula; 30 in. 
long by li to 2 in. in diameter. One end of this tula* is 
plugged with a rublier cork through which a glass tube 
passes, the other end is covered with a piece of sheet rubber 
perforated with a hole } to ^ in. in diameter; over this is 
placed another sheet of rubber, unperforated. The small tube 
being plugged with cotton-wool, the whole is sterilised for an 

‘ ^our in the steam steriliser. Just, before use 40 to 50 c.c. of 
melted sterile nutrient gelatin are poured into the tube, and 
its walls coated with the medium. The tube is then strapped 
horizontally on to a tripod stand, and the small tube con¬ 
nected by means of a piece of rubl>er tubing to an aspirator 
consisting of two flasks arranged so ns to form a reversible 
syphon. A litre of water is poured into the flask connected 
with the tula*, and the outer sheet of rublter having I teen 
removed from the end of the tube, the water is syphoned over 
to the second flask, placed at a lower leveb and nn equal 
volume of air is thus uspirnted through the tube. The second 
1 The area of a circular dish is calculated by multiplying the 
square ot the diameter by 0-7H5. 
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flank ia then connected with the tube, and the position of the 
flasks being reversed the water ia again Hyphened over aud a 
second litre of air paaaea through the tube, aud thii^proceas 
ia repeated until 5, 10, 15, or 20 litres of air have Iteen drawn 
through the tube. The rate of flow is controlled by a screw* 
clamp on the rublier connecting-tube; it should not exceed 
half a litre per minute. With this rate of flow all the 
organisms are deposited on the gelatin-coated tube. Thu 
aspiration being completed the ruldier tulie is disconnected 
and the sheet of rubber replaced over the end of tlio tula 1 , 
which ia then incubated, aud the colonies are counted when 
they have developed. 

(3) Petri's method .—Petri aspirates the air through a glass 
tube containing sterilised sand, kept in place by line wire- 
gauze wads. When the sample has Iteen taken, the sand is 


A HO 

• Km. 07.—Finnklautl's (nl«- for air analysis. 

distributed in Petri dishes, and melted sterile gelatin is 
poured over it and allowed to solidify, plate cultures lieing 
thus prepared. The objection to this method is the preseuce 
of the opaque particles of saml in the culture medium. 

(4) Frankland's method .—The air to lte examined is 
aspirated through a tube 5 in. iu length and 1 in. in 
diameter (Fig. 67). One end of the tulie is tqicit, the other 
(c) is plugged with cotton-wool. At a distance of 1 in. from 
the open end the tube is slightly const ricted to support a plug 
of glass wool (a). At a distance of 2* in. from this plug the 
tube is again constricted to support a second plug (n), con¬ 
sisting o^gloss-wool and finely powdered cane-sugar, supported 
in front and behind l>y plugs of glass-wool. Several such 
tubes having been prepared, they are placed iu a tin ho* and 
sterilised at 130° C. for three hours, and can then he easily 
transported without risk of contamination. When required 
for use, a tube is quickly removed from the box, being h and le d 
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by tlie plugged end, which is connected by stout rublier 
tubing to aspirating flasks such as are used in Hesse's 
apparatus. The tube is clamped horizontally to a retort 
stand, and by attaching the second flask to a small huml 
exhaust-pump, the water can lje syphoned over from the first 
flask, a corresponding volume of air passing through the 
tube. When the desired volume of air lias been aspirated 
through the tube, it. is disconnected and 
placed in another sterile tin box. As many 
tulies as desired can be employed to con¬ 
trol one another or to examine the air in 
different localities and under different con¬ 
ditions. All the samples having lieen 
taken, the tidies are manipulated on re¬ 
turning to the lalioratory. The tubes, as 
luff ore, lining handled by the ends only, a 
file-mark is made across the centre of each 
tula*, which is then broken in half and the 
plugs of glass-wool and sugar are shaken, 
or pushed by means of a sterile wire, into a 
sterile flask of about 250 c.c. capacity. 
Into this 10 or 15 c.c. of liquefied sterile 
nutrient gelatin are then introduced; the 
sugar dissolves, the glass-wool becomes 
disintegrated, and a roll-culture is made 
on the walls of the flask, which is incu¬ 
bated at 22° C., and the colonies are counted 
Pio H8 —Sedgwick when they have developed, 
amt Tucker s tube (M Sed-jtcick and Tucker ’» method .— 
°i ,UI 111,11 y ** ia ‘ One of the Ijest and most convenient 
methods for the bacteriological examination of air. A 
glass tube of special form is employed (Fig. />8); this 
consists of an expanded portion (a) about 15 cm. long and 
4'5 cm. in diameter; one end of this is contracted so as 
to form u neck 2 5 cm. in diameter and iii length; to the 
other end is fused a glass tube (r c) 15 cm. long and 0'5 cm. 
in diameter. The neck of the tube is plugged with cotton¬ 
wool, and two cotton-wool—or, better, glass-wool—plugs are 
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inserted iu the narrow tube, one at its open end, the other (c) 
ulxrnt 6 to 8 cm. from the wide part. Tho whole is then 
sterilised. When cool, the narrow part of the tube, from its 
origin at the wide part down to the first plug (c). i«f tilled 
with powdered cane-sugar (No. 50, B.l\ gauge) which Inn 
been carefully dried and sterilised at 1*20" 1:10 C. The t uls* 
is again sterilised at 120°--1:10''' for two or thins* hours, the 
greatest care being taken not to melt the sugar. After 
sterilisation the tube is ready for use. The wool plug is 
removed from the mouth and a measured volume of air is 
aspirated through the layer of powdered sugar by means of a 
small hand air-pump, the volume of air U-ing measured by 
the displacement of water in a flask. Having taken the 
sample (5 to 20 litres), the wool plug is replaced in the neck. 
The powdered sugar is then shaken down into the wide part, 
of the tube (a), and 15 c.c. of melted sterile nutrient gelatin 
are poured in. The powdered sugar readily dissolves in tin* 
nit-lted gelatin, and when solution is complete a roll-culture is 
made in,the t.ul>e, just as iu Ksmarch's method <p. 82). The 
tube is then placed in an inculiator at 20' C.. and the colonies 
are allowed to develop. 

In both Frauklund's and Sedgwick and 'l’ucker's methods 
the sugar,after powdering ami sifting and Is-forc introducing 
into the tubes, should la* thoroughly dried by keeping iu the 
warm incubator for several days with occasional stirring. 
Unless this be done, the sugar is apt to cake und discolour 
during sterilisation. 


Soil. 

The upper layers of soil contain large iimuls*rs of organisms, 
chiefly yacilli. The species are very varied ; among patho¬ 
genic ones may lie named the liacilltis of tetanus and of 
malignant oedema. The B. myroul-e is very abundant, and 
the varieties of Protein, the hay and potato bacilli, are 
common, white the nitrifying forms are of course present, 
but do not develop ou ordinary media. 

Below five or six feet aerobic organisms become scanty, but 
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the anaerobic and thermophilic ones are still met with. The 
number of organisms present in soil is variable, from 200,000 
to 45,Qp0,000 in ordinary earth, while in dirty and busy 
streets there may be as many as 1,000,000,000 per grin.' 
According to Houston, uncultivated sandy soil averages 
100,000, garden soil 1,500,000, and sewage polluted 
115,000,000 per grm. 

Houston 1 found that in virgin Boils the B. coli, B. Welehii, 
and streptococci are practically absent, but that in soils 
polluted with animal excrement by manuring or otherwise the 
spores of B. Welehii are present in great abundance, also 
B. coli and streptococci if the pollution be of recent date. 

The length of time pathogenic bacteria retain their vitality 
in buried corpses has been the subject of experiment by 
Losener, 3 who injected cultures into the bodies of pigs, which 
were then wrapped in linen, placed in wooden coffins, and 
buried. The conclusions ho arrived at were that, provided 
the soil has good filtering properties, there is praeUcally*ho 
chance of the dissemination of a virus. ( 

Klein, 3 experimenting with the bacilli of diphtheria, cholera, 
plague, typhoid fever, etc., also found that, the vitality and 
• infective power of these organisms passed away in a compara¬ 
tively short time, in most cases within a mouth. 

On the survival of the typhoid and cholera organisms in 
soil see also pp. 383 and 461 respectively. 


Examination of Soil. 

The bacteria in the soil may lie examined by adding traces 
of the soil to sterile nutrient broth, thoroughly crushing and 
soaking it, und then making plate or roll cultures, aerobic 
and anaerobic. 7 

To make anything like an accurate quantitative examina¬ 
tion is almost impossible. Weighed amounts of the soil, 

1 Rep. Med. Of. Lot. God. Board for 1889-1000. 

1 Centr.f. Baht. (V* Abt.), xx, 1896, p. 454. 

* Rep . Med Of. hoc. Gov. Beard for 1898-09, p. 844. 
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after thorough pulverisation is an agate mortar, may bp 
introduced into sterile test-tubes and thoroughly exhausted 
by repeated washing with sterile water or broth, plate cultiva¬ 
tions being made with the washings. 

Various boring apparatus have been devised for withdrawing 
soil from different depths. 

Sewage . 1 

Sewage is exceptionally rich in organisms, but the numls'rs 
present are variable. Jordan in Massachusetts found an 
average of 708,000 per cubic, centimetre. Laws and Andrewes 
found from 905,000 to 11,216,000, t lie latter licing the highest 
number obtained. The nuinlier of organisms naturally varies 
at different seasons and with the amount of dilution. The 
organisms present are very varied, but moulds, y**asts, and 
sarcine only occasionally occur. A few micrococci are met. 
Wttli and streptococci are present in considerable numltcrs, at 
least 1000 per c.c., but bacilli, esp»*cially liipiefyiug forms, 
largely ‘predominate. The commonest, sjshmcs are tho B. 
Jluoreecenelique/acieuemu 1 varieties,several vnrietiesof Protrtie, 
the B. filamentoeti*, varieties of the B. vu'ernlrricit*, B. 
mycoide s, B. mbtilie, B. rfoariv, and the colon bacillus. The 
latter mimliers from 20,1)00 to 2,000,000 per c.c., und the 
other bacilli mentioned number 200,000 to 2,500,000 per e.e. 
Many anaerobic sparing bacilli are also found, especially the 
B. Welehii, the spores of which nuinlier from 60 to 2001k 
per e.o., averaging 500-600. Foreign Isieteria introduced into 
sewage are probably soon suppressed by the predominant 
species of the sewage. 

The air of well-ventilated sewers differs but little from that, 
of the gxternal air, and the organisms in it contrast with 
those of sewage by the abundance of moulds. Specific 
organisms may, however, gain access to it (p. 640). 

The powerful liquefying and solvent actions of the bacteria 

1 Set) various *1 leporti to the Latvian County Counoil by Clowes, 
Houston, U«i and Andrews; Klein, Houston, Hep». Mod. Of. Loc. 
Gov. Board tor 1867-1904; Rep. of (he Sewage Commission. 
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present in Bcwage have suggested a means of dealing with 
sewage so as t<* make use of these properties, and many 
hacterial^systems of sewage disposal have been devised. The 
principle most widely adopted is to run the sewage into large 
covered reservoirs (septic tanks), where it remains at rest for 
twenty-four to forty-eight hours. Here it is under practically 
anaerobic, conditions, and anaerobic bacteria exert their action 
on the solids, partly dissolving them, partly disintegrating 
them, with the formation of a sludge which has to 1* cleared 
out from time to time. From the septic tanks the sewage 
passes on to lssls composed of broken brick, coke, or some 
similar material, through which it slowly percolates, and here 
it. is subjected to the action of aerobic organisms, which 
complete the decomposition to such an extent that, the effluent, 
does not affect fish life nor putrefy, so that, it, may lie run 
into a stream without causing a nuisance. Four sets of these 
aerobic bacterial l»eds are usually provided, each set, being • 
worked in turn for six hours and resting for eighteen houfh 
during the twenty-four hours. The effluent, from such 
hocferinl IhhIs may contain as many baeterias as, or more 
than, the sewage itself. Pathogenic organisms may lx 1 present 
in it, for Houston found that the Ji. ftyonjn neu* added to the 
beds soon appeared in the effluent. 

t)n the survival of the typhoid and cholera organisms in 
sewage set* pp. !1HM and 4**1 respectively. 


Examination of Sewage and Sewage Effluents. 

Tj> ensure a fair average sample, the sewage or effluent 
should la* eolleeted in small portions at intervals. The 
portions are mixed, strained through muslin, aud dilutions of 
1 in 10, 1 in 100, 1 in tOoO, and 1 in 10,000 tnafte with 
sterile tap-water. These are then examined according to the 
following scheme: 
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Teels. 


Procedure. 


A in i in i it nf HVwnisti in 


1. Total numjior of 
bacteria 

•*. Number of spores 
of ntfrobca 


H. Nunilier of spores 
of anaemia's 


1. Number of orga- 
nisms liquefy ing 
Kolntin 

5. Spores of B Wel- 
rhii (enlerHitliH 
Hporoijeneg) 

tl.’*Niuuln*r of B. «*oli 


7. Nunilier of strep- 
toeoeei 


Gelatin and agar plate 
cultivations 
Gelatin plate cultures 
with material pre¬ 
viously heap'd to SO' 
C. for ten minutes 
A (far plate cultures 
with material pre¬ 
viously heated to SO 
C. for ten minutes 
and incubated anae¬ 
robically 

Surf«re (feintin plates 


Milk cultures heap'd 
to so f. for ten 
minutes and incu¬ 
bated anaerobically 
Surf are plates of Con- 
nidi - l»ri(falski. or 
bile-salt media, etc . 
as described for w liter 

(l>. <U:I) 

iSiny’iire-plates of I'mi- 
radi - Hrignlski me¬ 
dium (p. 023) 


O’Ottl, 0*0001.0'Ot^KIl 

1 O. O 1.0*01 

l o. (i i. not 

0*001, (Mil*11.000001 
0*1. O-Ol. O t Mil 

n-mi,onnoi.oonoo| 

ool. oool, ooooi 


KkKI.I'KNTS oNI.V. 

8. Ineulmte some of the effluent in beakei-s at tlU C. and It” for 
some days. A gissl effluent should yield little or no unpleasant 
odour (an unpleasant odour indicates the presence of decom¬ 
posable organic matter, nnd such an effluent might give rise to 
a nuisance). 

j>. Place a gold-fish or two in a lsiwl of the effluent Tin* fish will 
live in, nnd be unaffected by, a satisfactory effluent (This 
may Jie done only by a licensin' under the \ iviseetion Aet.) 

Milk. 1 

Milk is an admirable nutrient soil for the develop- 
1 See Houston^ffsp. to the bunion Comity Connril, No. 1(13, 11**3 ; 
MocConkey, Jnurn. of Hygiene, vol. v, 1!*>3, p. 333; Hewlett and 
Barton, ibid., vol. vii, 1IM)7, p. 22; Savage, Hep. Med. Of. Lor. floe. 
Board for 1900-10, p. 471; Swithcnlwnk and Newman, Hnrteriolayy 
of Milk. 
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ment and multiplication of micro-organisms, and, though 
sterile in the adder, 1 as delivered to the consumer may 
contaiifc an appalling number of bacteria. In milk as 
ordinarily supplied there are from one to five million 
bactoria per c.c., and it frequently contains ten to 
fifteen millions, with an average of about three to 
four millions. Hewlett and Barton found an average 
bacterial content of about 1,500,000 in London 
milk as delivered at the railway termini (the range 
was from a minimum of 20,000 to a maximum of 
8,390,000), but this does not represent the condition of 
the milk as delivered to the consumer, for the bacteria 
present rapidly multiply in warm weather. Eyre® in 
tho middle of summer found the following rate of 
multiplication : 

MhtoIh'h per «*.e. 

Initial content . . . 56,000 

After 12 hours . . . 520,00(\ 

After 24 hours . . 20,360,000 

After 30 hours. . . clotted 

A similar specimen in the middle of winter gave the 
following results: 

Microbes per c.c. 

Initial content . . . 20,000 

After 12 hours. . 24,000 

After 24 bom's . . . 43,000 

After 30 horn's . . . 280,000 

Jn New York, I’urk estimated the average bacterial 
content of milk as supplied to the consumer at 1,000,000 
per c.c. in winter and 5,000,000 per c.c. during the hot 
months. Eyre (/or. cit.) states that, as the result of his 
observations, the numbers are in London about 3,000,000 

1 The " fore ” milk may contain organisms which have lodged in the 
milk-ducts, and it is extremely difficult to obtain completely sterile 
milk. 

* Journal of Stair Mtdicine, vol. xil, 190*, p. 728. 
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to 5,000,000 in December, January, and February, and 
20,000,000 to 30,000,000 in June tt> September, 
smaller numbers than these always being aswieintcd 
with the presence of boric acid or formaldehyde. Ylven 
in so-called sterilised milks bacteria are rarely com¬ 
pletely absent. 

Cream is even richer in bacteria than milk, and 
averages about 8,000,000, and may contain as many ns 
30,000,000 organisms per c.c. 1 Although all the 
ordinary species may be met with, milk has a bacterial 
flora largely its own, comprising many forms producing 
lactic and butyric acid fermentations. Organisms also 
occur having more or less specific effects, ami giving 
rise to bitter milk, viscid milk, etc. The lactic 
ferments are mostly non-sporing, the butyric chiefly 
sporing, species. The commonest of the lactic ferments 
is the B. acidi lactici, which has some similarity to the 
colon bacillus (see tabic, p. 400). Another common 
lactic organism is the O'idinm Inch'*, a mycelial form, 
the colonics of which appear as little fluffy tufts. In 
addition to the organisms named, pathogenic species 
may be met with—viz. the tubercle, diphtheria, typhoid, 
paratyphoid, Gartner, dysentery, and comma bacilli, the 
M. melitcvsis, M. pyogenes, and the Nhcptococcus 
pyogenes (lactic-aeid-forniing streptococci are also 
common). The B. coli and B. Welchii are generally 
present in milk, and the //. Inch's nrcogencs is sometimes 
found (p. 410). Scarlatina (see “Scarlatina”) and 
foot-and-mouth disease inav likewise be conveyed by 
niilk, *<tid the diarrhoea of infants is largely duo to the 
use of milk swarming with microlies, some of which in 
themselves may be harmful, and which also by the 
products they form tend to set up gastro-enteritis. The 
percentage of samples infected with tubercle bacilli 

• Bussell, Ctstr. /. Bait. (2* Abt.). i, 1SUR, p. 741. 



650 


Manual of Bacteriology 


varies much: Barton and Hewlett found only one out 
of 26 samplcs*taken at London railway termini. The 
supply ®f the largo dairy firms is also comparatively 
free from tuberculous infection, as considerable pre¬ 
cautions are taken to exclude tuberculous animals. For 
the quarter ending March 31st, 1911, of 760 samples 
examined for the London County Council, 106, or 13 - 9 
per cent., were found to be tuberculous, and since 1907 
of 5698 samples, 640, or 11*2 per cent.., proved tuber¬ 
culous (see also p. 337). A poisonous body, tyrotoxi- 
con (p, 39) has been isolated from milk and milk 

products. Sources of contamination and infection are 
derived from the insanitary conditions of many farms 
and dairies and the dirty methods of those handling the 
milk. In order to render milk wholesome for infants 
and free from infective organisms under the present 
conditions of supply, two methods may be adopted— 
sterilisation and pasteurisation. To ensure sterilisation 
it is necessary to heat the milk to boiling-point for six 
hours, or to expose it for a shorter period to steam 
under pressure. Such treatment, however, markedly 
alters the flavour of the milk, and is said to diminish 
its nutritive value. If the milk be heated to a 
temperature not exceeding 70° C., the flavour and 
nutritive qualities are far loss altered, while the patho¬ 
genic species are all destroyed. This method is termed 
*• pasteurisation,” and consists in heating the milk to 
about 68° C. for twenty to thirty minutes. Pasteurisa¬ 
tion destroys 92 -99 per cent, of the total organisms 
present. The objections to pasteurised milk afe that 
the natural enzymes present in fresh milk are destroyed, 
the lactic-acid-forming organisms are killed) and if the 
treated milk bo kept, the residuum of resistant putrefac¬ 
tive, etc., bacteria multiply enormously, without obvious 
change in the milk. Behring has advocated the 
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addition of formaldehyde to all milk used for the feed¬ 
ing of children. Another method for sterilising milk 
is the Budde process, 1 in which the milk, aft**r the 
addition of hydrogen peroxide, is heated for three hours 
to 52—53° C. All non-sporing organisms are destroyed, 
and the added hydrogen peroxide is decomposed into 
11,0 and O. 

All milk should be distributed in closed bottles, ami 
pasteurised milk should be consumed within thirty-six 
hours of treatment. 

The thermal death-point, of pathogenic organisms in milk 
is as follows 


Organism. 

T«»in|H>mtnrt 

IVm.l nf 

B. t likerrulngi* 

(ill <\ 

20 mill. 

Btlyphnau* 

(in i\ 

2 min. 

B. diphtheHie 

r»o' r. 

1 min. 

Sf.ir. rhojrr.c 

(in i\ 

1 min. 

ft. dfinflitfrite 

i;n i\ 

to min. 

Jlf. melilenai* 

(SO i\ 

2 o min. 

The thermal death-point 

of ttiliercle 

bacillus. csjMfially in 


milk, haH been the subject of sonic controversy (sis* also 
p. 325). De Man found that an exposure of iiflcon minutes 
at. 65°C. was necessary to destroy the infis-tive properties of 
tnliereulous milk. Bang, of Copenhagen, considers that 
pasteurisation cannot always tie relied ujxin, and recommends 
that milk should lie heated to 85'C. The writer found that 
the vitality of the ordinary lion-virulent laboratory cultures 
was destroyed by a temperature of 60" C. acting for teu minutes, 
and that, the infective properties of lulierculoiis sputum, ti*sti*d 
on guinea-pigs, were destroyed by a temperature of 65°C. 
acting for fifteen minutes in five out. of six instances. Wood- 
liCad’s experiments (First. Royal Commission on Tuliercnlosis) 
gave irregular results which seem to Is? explained by 

1 Hewlett, Lowet, HXfl. vol. i, January 27th. 

9 Kosenau, Hygienic Lab , Washington. Bull. 42, lfiUt). 
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Theobald Smith’s careful work. 1 This showed, that tuber¬ 
culous milk was rendered non-infective by heating to 60° C. 
for ten |o fifteen minutes, provided there was no formation of 
a suffaee scum ; the latter seems to protect the bacilli. 
Bussell and Hastings 2 confirmed. Smith’s experiments, and 
assert that it is sufficient to heat milk to 60° C. (140° F.) in a 
closed receptacle for a period of not less than twenty minutes 
in order to destroy the tubercle bacillus. The surface scum 
forms on milk only when it is heated in contact with air; all 
pasteurisers, therefore, should be closed vessels. The writer 
lias devised a simple form of domestic pasteuriser, which is 
made by Messrs. Allen & Hanbury. 

The occurrence of so-called leucocytes and pus-cells 
in milk must be considered. A certain number of 
cells resembling polymorphonuclear leucocytesarealways 
present in milk, more numerous during the first week 
of laotation and then accompanied by colostrum cor¬ 
puscles. An excess of these cells may indicate some 
local inflammatory affection of the udder, or, if 
streptococci and blood are present in addition, suppura¬ 
tion, but not necessarily, for Russell and Hoffman, and 
Revis have shown that a very large cell count (500,000— 
1,000,000, or even 10,000,000, per c.c.) may often be 
obtained from quite healthy cows. The nature of these 
cells has been the subject of an extended investigation 
by Hewlett, Yillar and Revis. 3 Their conclusion is 
that the majority of these cells are not leucocytes, bnt 
are germinal cells of the secreting epithelium of the 
udder. Blood may also be present transitorily ip health 
(Revis). The presence of squamous epithelial cells 
indicates desquamation from the teat or udder or from 
the hand of the milker—t. e. want of cleanliness. 

There is no doubt that micro-organism^ are far more 

* Jonm. gmptr. Med , vol. iv, 1899, p. 817. 

' 1 VUk 4mm. Rep. IPbeonria Agricult lisp. Station. 

* Joum. iff Hygiene, voSs. it, x, and xi. 
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abundant in milk 4 s supplied to the consumer than 
should be. This arises from the ignorance and care¬ 
lessness of those charged with the duty of providing 
and distributing this important article of diet. * The 
udder and teats of the cow and the hands of the milker 
(who should wear a special dress) should be wiped 
before milking, and all vessels should hu clean and 
steamed or scalded before use. The milk should lie 
cooled at once, some more efficiently closed vessel than 
the present form of milk churn adopted, and the milk 
not stored, but forwarded without delay by the railway 
companies in special refrigerator vans. Distribution 
in bottles would be a great improvement. 

The following might be suggested as a bacteriological 
standard for milk: 1 (a) Number of organisms not to 
exceed 1,000,000 per c.c.; (ft) absence of excuss of 
leucocytes or of pus-cells; (<■) If. cult, li. U'elcliii, and 
streptococci should not be present in I c.c. or less; (»/) 
the sediment after ceiilrifugulising should be less than 
100 parts per million ; (*) the milk as delivered should 
not have a temperature above 10° 0. ; (/) absence of 
pathogenic organisms. 

Sour milk. —Sour milk is used as an article of diet in 
many parts of the world, e. g. Bulgaria. In these sour milks 
a particular micro-organism or a variety of it, the B. 
bulgaricua or “ bacillus of Massol,” is generally present, in 
association with lactic st reptococci. It is a large, pleomorphic, 
Oram-positive bacillus, non-motile, non-spuring, growing liest 
at about*40° C., but only in milk or in culture media made 
with nylk or whey. It has been much employed for the 
preparation of a soured milk which is of considerable service 
in the treatment of certain disorders. 2 

1 See ** Rep. <JJ a Committee on Milk Supply,*’ Philod. Mad. Joum., 
October, 1900, p. 768 j Park, Jonrn. of Hygiene, voL i, 1901, p. 891, 
Houston, toe. eil. 

* See Hewlett and others, Brit. Med. Mrs, 1910, voL li. (Bibliog.) 
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Examination of Milk. 

Niynfier of organisms per c.c. —This in carried out. l»v 
diluting the milk to 1 in 1000—1 in 1,000,000 with sterile 
water, or preferably nutrient broth, as a better mixture is 
obtained. Plates are then made either in gelatin or in 
distilled water agar (1£ grin, powdered agar, .distilled water 
1 litre, Eastes), or preferably in both media. 

B. coli, B. Welchii, and streptococci. —These are searched 
for quantitatively by the methods detailed for "Water 1 ' 
(pp. 609-617). Amounts of milk in decreasing decimal 
order from 100 c.c. to O'OOOOOl c.c. should be examined. 

Pathogenic organisnu. —The detection of these, with the 
exception of the tubercle bacillus, is difficult and uncertain, 
lu ull cases the milk should lie ceutrifugalised and the deposit 
examined. 

1. For the detection of the tubercle bacillus 1 staining 
methods are almost useless (except in cases of advanced 
tuberculosis of tho udder) and inoculation must be performed. 
At least 250 c.c. of the milk should l>e ceutrifugalised at 
2000 to 2500 revolutions per minute for an hour. As many 
organisms become entangled in the.cream, it is advisable to 
stop the mochiuo after lmlf-an-hour, stir in the cream, and 
again centrifuge. Tho fluid is poured or pipetted off carefully, 
so as not to disturb the sediment, leaving about 6 c.c. in the 
tube. The Bodimont aud the remaining fluid are then well 
mixed and about 1 c.c. is inoculated subcutaneously and intra- 
peritoueully into two guinea-pigs respectively (sue also p. 301). 
For stainiug, a process of solution of the milk may be em¬ 
ployed, 20 c.c. of the milk lining mixed with 1 c.c. of a 50 per 
cent, potash solution, and heated in a water-bath until the 
• solution turns brownish; 20 c.c. of acetic acid are then added. 
The mixture is shaken, • heated in a water-bath for three 
minutes, and ceutrifugalised for ten minutes* The fluid is 
poured off, 30 c.c. of hot water are added to the sediment, 
and the mixture is again centrifugalised. Filips are then 
1 See Delupine, Rep. Med. Of. Lee. Got-. Beard tot 1908-09, p. 134. 
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prepared from the sediment, and stained for the tnlierele 
bacillus (see also p. 843). • 

Non-pathogenic acid-fast, bacilli occur in milk (p 358). 

2. The diphtheria bacillus is searched for by making serum 
cultures from, and inoculating guinea-pigs with, the sediment. 
If a diphtheroid organism is detected it must lie isolated and 
examined by culture tests and animal inoculation. 

In niilk and oheese a bacillus is frequently met with closely 
resembliug the diphtheria bacillus in its morphological ami 
cultural characters; it is, however, quite non-patliogenic. 1 

3. The typhoid, paratyphoid, (birtner, dysentery, and 
comma bacilli may las searched for by the methods given tor 
“ Water.” 

(4) The M. pijotji-wjx aud the Strrplurorni* /»/»</<•;«'* may U* 
searched for by means of plate cultures on glycerin agar. 

(5) Examination of noiliincut. - Houston aud Savage (toe. 

rit.) have devised methods for tin* quantitative estimation of 
the sediment by centrifuging in special graduated tuls>s. 
For the microscopical examination of the sediment the milk 
is centnfugnlised for twenty minutes at 1500 revolutions per 
minute, and the upper fluid is pipetted or syphoned off. 
Some of the sediment should Is* examined with the ’ in. and 
< in. objectives for the presence of “dirt," <-.</. hairs, straw, 
etc. Three smear preparations are then made, each with four 
drops of the sediment, which arc spread mealy over three 
fourths of the slide. The slides are air-dricl, and may l»e 
treated with a mixture of absolute alcohol and ether for tell 
minutes. One slide is stained with bafflers blue, another by 
Oram's method for streptococci, and a third by the. tulxTcle 
method. The Loffler's blue specimen gives a general idea of 
the number of bacteria present, and of the presence of cells. 

From what lias lawn said almvefp. 652),considerable caution 
must be exercised in stating the presence of pus-cells. 
Streptococci preseut arc not necessarily pathogenic, as non- 
pathogenie ladtic-acid-fonning streptococci arc common. For 
counting the number of cells present, Kevin* employs a 

i See Scientific Ball. No. 2, Health Dept., City of Now York, 1805,p. 10. 

1 Jour*, of Aypteae, vol. x, 1010, p. 68. 
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centrifuge tube of 10 c.c. capacity, the lower third of which 
is contracted toiO'8 cm. in diameter, and contains 1 c.c. The 
procedure is as follows: 

Incthe tube are placed 5 c.c. of the well-mixed milk, diluted 
to the 10 c.c. mark with 0'8 per cent, salt solution. After 
inserting a rubber stopper the contents are well mixed. The 
tube iB then centrifuged at about 2000 revolutions per minute 
for two minutes, the cream is broken up by violently shaking 
the upper part of the tube, aud the rotation continued for 
four minutes longer. A glass rod, fitting roughly the narrow 
neck of the tube, is inserted, and the major part of the milk 
poured off, and the upper part of the tube well rinsed with 
water to remove cream, etc.; the contents of tho narrow end 
down to within { in. of tho deposit are sucked out with a fine 
glass pipette, the upper part of the tube is wiped clean, and the 
tube is then filled to the 10 c.c. mark with salt solution. The 
tube, haviug been violently shaken till all the deposit is 
distributed through the liquid, is thou rotated for four 
minutes, and the liquid down to within j in. of the deposit 
again removed. In the case of small deposits, two to three 
drops of saturated aqueous solution of metliylene-blue are 
added, and the deposit is stirred up by blowing through a fine 
glass capillary pipette (which is afterwards used for filling 
the counting chamber). After fifteen minutes, water is added 
to the 1 c.c. mark, and counting done in the usual way with 
a Thoma-Zeiss blood counter. Counting should not be 
restricted to the ruled spaces, but the field so arranged that 
a definite number of squares is included, and fields are 
counted all over the chamber. At least two different prepara¬ 
tions should be made of the same deposit for counting. 

Food Poisoning. —Apart from the presence of the ordinary 
poisons, food may l»e poisonous on eating—(a) naturally, 
s. g. certain fish, (5) from the results of the activity of micro¬ 
organisms with the formation of toxic products, the ordinary 
** ptomine poisoning,” (c) from infection* with certain 
organisms, particularly B. enieritidia, which generally induce 
gastro-enteritis. In the last named, symptoms do not usually 
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ensue until a lapse of twelve to forty-eight hours after the 
consumption of the food. • 

Meat is not likely to convey any infective disease vfcith the 
exception of tuberculosis amt anthrax. It may lie exaifiined 
l»y cultures and plate cultivations, and by iuoculation and 
feeding experiments. Tinned meat*, <■/«•., tYc<|ucntly contain 
spu ing organisms of the B. guldM* and inegrnterieng groups. 
They may be examined by aerobic and anaerobic cultures, and 
by feeding mice. Poisonous ptomiiics arc occasionally present. 
The B. enter Hi Jig occurs in meat, and causes a form of 
poisoning (see p, 392).' In certain intoxications due to lmd 
meat, known as “ botulism,'’ Van Ermcngem isolated the 
B. hot uli nng (see p. 450). 

Bread — Troit/.ki stales that new bread contains no micro¬ 
organisms, but Waldo and Walsh found that such organisms 
as the comma bacillus are not destroyed b\ passing through 
the ordeal of the baker's oven. Cut bread forms a good nidus 
fot*the development, of pathogenic organisms. 

The Beetling jiroditjiogn* may grow upon various food stuffs, 
and give rise to suspicion of foul play. L. Parkos* describes 
cases of diarrhoea which lie suggests were caused by this 
organism. 

Butter contains from two to forty-seven millions of micro¬ 
organisms per gramme. Tuls-rcle bacilli have lieen found in 
butter,and the comma bacillus artificially introduced survives 
for over a month. “Acid-fast"’ 11011 -pathngenie forms also 
occur (p. 358). 

For the isolation of the tulierclc bacillus from butter and 
cheese the only certain method is bv inoculation. Hotter may 
lie melted and allowed to stand in the incubator at '.\1 J C. for 
some dajis. and the sediment inoculated. As this involves the 
multiplication of septic organisms, it is preferable to ccntri- 
fugalise the melted butter, keeping it melted during the 
process, and to inoculate the sediment immediately. 

Clothing, eft ,—Attempts have been made to examine 
clothing, bedding, flock, etc., by bacteriological methods for 
filth contamination, but without much success. 

1 See Savage, Rep. Med. Ojf. hoc. Owe. Board tor 1900-10, p. M. 

* Brit. Med. Joan., 1903, vol. ii, 1330. 


42 



Common Organisms of Air, Water, and Soil. 


^ a -4 

1* if 

. *E .« 

f I 5 ?* 
|i|«l 

r o c * 

k.ft* |s S 

I! II# 


MS «i K.n 

-si n*§ 

i sill *s.5 arc 

i|s i"s 

~ E s.S'-.H-a so =-* ■■ 


-Jih; se i 

* X 2 £ ’S e ft's 

Si-SSSa g|i£ 

O C S X 


S r J S » 

5?si : = 
B t.-« I - • 
B 3rf * ' J 

® ?* . * J . 

£ 'ft* =•-* 

I! 

I! 

Vjli 4 

T * S * - = Z 

ft o 5. * = : ! 

ms *- v ! 

V- 

■?2 s n s I- ; 

ti oj s s r , z.— 

5~ ~ '• / *■ 


.* * ■- fe * 
3 * 

^ co 


.2 * S_ 

IS a |! 

/) P ? 


£,_• 

“ * ® 
1 *' £ - ' 5 ? 

*••5 23 2 J 
X to 


rafc b .§. 
T 2 E Ci 

ss-i si 


j 'U|1V[0^ JO I 
, || ( '|l>Mj.>l|l»|’|! 


2 S 

gll.i? 


t ._- 

. I-?*. 

>.= J j-i* 

£ - £ fc t jc, 

.2 * .*:<■• .t - 1 - 


*=■? | 


•o-- 

S* 

££ 

o 


ai.K 

r S - £ 
5 ' U 


— 5 £ 

,.o ? - 

2‘1 ft | 

C5 C 


2 c 
£ £ ft 

as h 


= 5e = ^ “ 

?! nf 

* ^ S3- C 


a Jll(|ll|UlH , 
1 -niKij) 

! ‘UOltimuoj I 

•lUtMltf J 

1 •A'nmoK 


- m -r ■= i_\a 

as r .t? * 4i /i 

§ i|j*I |. 


Hsis-s 

a S-r s\a 

ilifcg* 


jsi'i e 

s* ;■= = * 

i ill g 

r- 0-5- a 


s-2, ■=£; 

£■=< 

* * >. ^ i ^ 


\ il ; b If2j 

i u ' Jv h;<i 

I 11 ■ * 9i> X®°«i s 

| ‘ - « * 


cj a “ 

il is E i 

Is t| s| 

II P li 

- < ftse ~ as 
* ^ CO 

4 *■? Ill 

U li 

V? « | •j; 
«s" ajK 

^ «' « 


■53 £~ 
tS 5 *. 


i* 3s* 


li 

*T a.-.*- 

«f N «i5j2 


•a* Ci? 

’S 4 8?1 

f? i.|T 

• -j’* 2 M 





Disinfection 


05 !) 


C1LAPTKK XXII. 

Disinfection.' 

U K AT-ST KAM HISIN K KCTln N—('ll KM IfA I. I > ISINK K< T A N Is- 

THKOKY OK IIISINKKCTION—U KTIM >!»S ill' J'KTKI.'MININU 
I>!S1N KKCl'ANT I'OWBK. 

Natukai. agencies restrain I lie mult iplicut inn of 
disease organisms, but euougli survive in determine the 
persistence of infective diseases, and to call for measures 
by which communities attempt to cope with them. 
Theso measures are broadly isolation, prophylactic 
inoculation, general improvement, in sanitation and 
nutrition, and disinfection. In the present chapter the 
methods by which the fourth means of protection may 
bo applied are considered. Disinfection implies the 
removal or tho destruction of infective properties, hut, 
for practical purposes, should lie understood to mean 
tho killing of the infective organisms to which those 
properties are due. For this purpose, the two agencies 
ordinarily used are heat and chemical action, though, in 
addition, other methods can occasionally lie employed 
for destroying or excluding micro-organisms, hitch 
are light, desiccation, and filtration. 

Hkat .—Fire is the simplest and most efficient agent 
for destroying infective matter. Uurning should always 

1 See Hewlett, “ Milroy Lecture*," Cancel, lUutt, rol. L 



660 


Manual of Bacteriology 

be employed wliore possible, as for rags, old clothing or 
bedding, native huts, etc. 

surfaces which would not be unduly injured, 
such as stables, pens, yards, etc., a torch-fire generated 
by means of the cyclone burner described by Forbush 
and Fernald has been favourably reported on by Stiles. 
The apparatus consists of a portable tank, from which 
paraffin gas oil is driven by a pump through a hose 
(such as is used for tho delivery of oil) to which is 
attached a pole, consisting of an iron pipe 12 ft. long, 
which is protected by a covering of wood, and to the 
end of which is attached a cyclone nozzle. The fine 
spray from the nozzle is ignited, and the resulting fierce 
flame passed over tho surfaces to be disinfected. The 
thorough wetting with water of all such surfaces would 
practically abolish danger from fire, and by proper 
adjustment of the power of tho flatne, and experience 
on tho part of tho operator, the nietluAl is an 
efficient one. 

Dry heat may also be used, and forms the basis of 
soino disinfectors (Uausomo’s), but is not nearly such 
an efficient means as moist heut. Tho objections to dry 
heat'are, that to ensure tho destruction of bacteria and 
spores the temperature must be high and the heating 
prolonged. Koch and Wolfhugel found that two hours 
at 150° C. did not always ensure sterilisation, and 
(juffky and Loftier state that the spores of some 
organisms are killed only by exposure to hot air at 
140° C. for three hours. Moreover, dry hput'has little 
power of penetration, and it requires many Hours for 
the centre of a mass of bedding, or the like, to attain 
the temperature requisite for sterilisation, while some 
articles and fabrics are distinctly injured by the pro¬ 
longed heating. The highest temperatdre which can 
be safely adopted for a dry-heat disinfector is about 
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120° C., and then if , large masses have to be treated 
the beating lias to bo continued for from eight to ten 
hours. A rise of f>° C. above this tent pom tyro is 
sufficient to damage many woollen goods, which* en¬ 
hances the objections to a dry-heat disinfector, ns it is 
difficult to keep the temperature of a large chamber 
constant. 

For the reasons given above, disinfection by dry 
heat is often impractible j on the other hand, moist heat 
is more effective, is found to work well in practice, and 
is now generally adopted. In the household, for 
articles whi.ch cannot be burnt, brisk boiling for an 
hour or so will suffice. 

Steam disinfection .—For public disinfectors, steam 
under pressure— i.e. at a pressure greater than that of 
the atmosphere—is employed. Steam under pressure 
has not such a deleterious 'action on articles, with the 
exception of leather, ns dry heat, while its penetrating 
powers are far greater. By ''saturated steam ” is meant 
steam at the temperature at which it enn condense, and 
the temperature of the condensation point, rises ns the 
pressure increases. By “ superheated steam ” is meant 
Ateam at a temperature higher than that at which it can 
condense; therefore superheated steam has to be cooled 
down into the state of saturated steam before con¬ 
densation ensues. If superheated steam is used for 
disinfection, it loses heat by conduction, and the rise in 
temperature of the articles treated approximately 
correspdhds to the fnll in temperature of the steam. 
With saturated steam, on the other hand, immediately 
it is cooled an enormous amount of latent heat is set 
free by the" qjiange in state from the gaseous to the 
liquid condition, therefore saturated steam is a far 
more efficient disinfectant than superheated steam. 
These considerations should alwnyft influence the choice 
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of a steam disinfecting apparatus for efficient work¬ 
ing. o 

The r Kquifcx disinfector is worked with saturated 
steafti at 10 lb. pressure (239° !*’.). The chamber 
consists of a cylinder - of mild steel, made without 
■steam jacket, so as to avoid risk of superheating. The 
cylinder is lagged with non-conducting composition and 
wood, to reduce loss of heat by radiation, and, as 
usually supplied, is furnished with separate doors for 
infected mid disinfected articles respectively. An 
arrangement can be supplied to prevent both doors 
being opened simultaneously. The Washington-Lyons 
apparatus, or its modifications, is an elongated cylin¬ 
drical boiler with double walls, forming a jacket, and 
a door at each end. The chamber is of sufficient size 
to admit bedding, and is built into the partition wall 
between two rooms, so that each door opens into* a 
different room. Into one of the rooms the refected 
articlos are conveyed, and are placed in the disinfector 
as lightly packed ns possible; when disinfected they 
are removed by the opposite door into the other room, 
thereby avoiding all chance of reinfection. Steam at 
a pressure of about 20 lb. is admitted into the jacket" 
and then passes to the inner chamber, the object of the 
jacket being to warm the chamber, and so prevent 
, condensation. For the same purposo hot air is some¬ 
times injected beforehand to warm the chamber and 
articles, and after the steam disinfection, can again be 
injected for drying. The length of time required for 
disinfection does not exceed a half to one hour. - 

In Thresli’s disinfector the steam is generated from 
a saline solution (calcium chloride), which Jims a boiling- 
point (105° C.) higher than tha^of water. 

The thermal death-point of u number of organisms in pure 
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culture has l»eeu determined by many invest inters. Eyre 
suggests the following us “standard conditions“ for deter¬ 
mining thermal death-points: 

1. Length of “ time exposureto Is* ten minutes. 

2. Emulsion to be prepared from "optimum cultivation." 

3. The vehicle in which culture is suspended to Is* sterile 
salt solution or sterile distilled water. 

4. Strength of emulsion to correspond to alsmt 1 milli¬ 
gramme of culture per cubic centimetre. 

5. Bulk of emulsion to be not less than 3 e.e. 

6. Emulsion to be contained in test-tuls* of 1 11 cm. dia¬ 
meter with walls 1 mm. thick. 

7. Emulsion to l>e exposed to moist heat in a wnter-lmth 
regulated by a delicate and accurate thermo-regulator. 

8. Broth cultivations and agar plates Iwdli to Is* used in 
determining the death of the bacteria, and tin* |s*riod of 
observation of these cultures to Is* extended, when necessary, 
to^even or fourteen days. The exjs*riincnts to be repeated 
at least once. 

9. Thermal death-point to Is* tirst roughly determined to 
within 5° C. 

10. Thermal death-point to be finally determined to within 
1 C. t and to l>e defined as that temjs*rature which causes the 
death of all micro-organisms exposed to it, within tin* ten 
minutes in these standard conditions. 

Light is not used directly for disinfection, but in¬ 
directly in nature and in our homes may not In* sin 
unimportant factor. It lias previously been referred to 
at p. 23. Sunlight, ami artifieinl light rich in violet 
and ultra-violet radiations, such ns that emitted by a 
qaartzm mercury vapour lamp, are efficient germicides. 
The latter has been tested by Barnard and the writer 
with excellent results, but, unfortunately, the germi¬ 
cidal rays Imve practically no power of penetration 
and are stopped even by thin glass. 

Desiccation, although one of Nature’s methods of 
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disinfection, is not mado use of to any extent by man 
except as an inhibitory agent for the preservation of 
many articles of food. 

FiTtkation is a method of disinfection by exclusion, 
and in the form of sand filtration and filtration through 
porous porcelain, as in the Berkefeld and Pasteur- 
Chainberland filtors, is made use of for the sterilisation 
of water and other fluids. 

Chemical Disinfectants. —A large number of chem¬ 
ical substances variously known as germicides, anti¬ 
septics, disinfectants, deodorants, etc., have the.power 
of interfering with, or masking the results of, the vital 
activities of micro-organisms. Germicides are sub¬ 
stances which kill bacteria or germs ; antiseptics, bv 
inhibiting bacterial development, prevent sepsis or 
putrefaction ; and by “ disinfectant ” is meant a 
substance which prevents the action of, or destroys, 
infective matters, while deodorants destroy or®absorb 
foul-smelling gases the result of putrefactive and 
similar processes. All germicides are disinfectant and 
antiseptic, but many antiseptics, though preventing or 
inhibiting the development of bacteria, are not neces¬ 
sarily germicidal. 

Many deodorants act largely mechanically, and 
although often not germicidal, and hence not ideal 
disinfectants, are of some value in preventing the 
deleterious and depressing effects of the emanations 
from decomposing organic matter. Such are charcoal, 
ashes, dry mould, and pent (peat has also a geftuicidal 
action). Other deodorants, such as quicklinfe and 
chloride of lime, act chemically. 

The gmnicides mid mitise.pt.irM may b# considered 
together, for nlthongli many antiseptics are not germi¬ 
cidal, all the germicides ip small amounts act as anti¬ 
septics. -The principal germicides and antiseptics are 
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tliu halogen elements, the mineral acids, a large number 
of metallic salts, phenol and many coal-thr derivatives, 
and various organio'bodies and esseutial oils. • 

Theory of chemical disinfection .—The theory of 
chemical disinfection is not yet fully understood. It is 
probable, as suggested by Paul and Kriinig, that the 
degree of ionisation of a solution may have an impor¬ 
tant bearing on its disinfecting efficiency. 

Paul and Kriinig 1 made a number of experiments on 
the M. pyogenes, and spores of anthrax, with a view of 
determining the effects of various acids, bases, oxidising 
agents, and metallic salts on bacteria. The salts of 
mercury, gold and silver exert a marked germicidal 
action, strongest in the ease of mercury, while the 
platinum salts are almost inactive. The efficiency of 
mercuric chloride is markedly lessened by the presence 
of sodium chloride or other chlorides. Of the oxidising 
agents,•nitric, chromic, chloric, ami permanganic acids 
act in the order stated; chlorine has the most powerful 
action of the halogens. Phenol acts better in a ■> pci* 
cent, solution than in higher concentrations, and the 
efficiency is increased by the addition of sodium chloride, 
bnt diminished by the presence of alcohol, and under 
the most favourable conditions it is not such a powerful 
germicide as mercuric, chloride. Mercuric chloride dis¬ 
solved in absolute alcohol has little or no efficiency, 
and the addition of sodium chloride reduces its activity. 
Organisms in masses are less readily acted upon by 
antiseptics than when they are isolated. 

Tht? efficiency of a germicidal salt in solution seems 
to vary with its dissociation. It is believed that the 
molecules ofc a salt in solution are more or less dis- 
sociated into constituent electrified atoms or “ ions,” and 
the greater the dissociation .tin* more ncti\c will the 
i %£it$chr. f. phyttikfil. (Jheni. m lHWfl* xxi v p> 414# 
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substance 1 bo as a gormicide. Taking mercuric chloride, 
bromide and cyanide, it is found that the ionisation of 
the chloride is greater than that of the bromide, and 
this is more ionised than the cyanide, and the following 
results show that the germicidal power of the three is 
in this order 

Number of colonies which developed. 


After After 

Solution. 20 minutes’ 85 minutes’ 

treatment. treatment. 

1 mole ITgCI., in 64 litres . 7 0 

1 » Uglh’a „ „ . 34 0 

1 „ Ifg(CN)., in 16 litres 8 33 


Since the amount of this dissociation may be greatly 
influenced by the presence of other substances, much 
caution should be exercised in adding salts, etc., to 
increase solubility or prevent precipitation, as the 
addition may seriously impair germicidal or antiseptic 
power (see p. 672). * 

The disinfection process is a gradual one. In the 
early stages of disinfection large numbers of organisms 
are killed, but the rato of killing becomes slower and 
slower as time elapses. Madsen and Nyman and Miss 
Chick 2 have, found that if the results be plotted, ordi¬ 
nates representing the numbers of surviving bacteria, 
and abscissie the corresponding times, the points lie on 
a logarithmic curve. The curve so obtained, in fact, 
appears to be similar in Form to that of a “ iinimolecular 
reaction,” and mnv be expressed by the formula 

1 

bacteria surviving after times and f 2 respectively, 
and K is a constant. In the case of disinfection of 
anthrax spores with phenol, Miss Chick found the menu 

* Findlay, Physical Chemistry, 11103. 

3 Journ. q f Hygiene, rol. viii, 1U08, p. 02. ('Summary and Bibliog.) 


log = K, where and v. 2 are the numbers of 
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value of K to be 0*44-. In the ease of D. /uiratyphosns , 
however, the course of the disinfection isMifferent unless 
the culture is very young, and -Miss Chick concluded 
that the older individuals are less resistant than the 
younger. The progress of heat disinfection apparently 
follows the same course. Miss Chick asserts that the 
net of disinfection is a unimoleeular reaction, hut it is 
difficult to accept this view. Disinfectants in emulsion 
tend to be more efficient than when in solution. 

Factors modifyiny disinfectant action . 1 —The efficiency 
of a disinfectant liquid partly depends on its concen¬ 
tration. The rate of penetration into bacterial cells 
decreases as the concentration increases above a certain 
limit. Most disinfectants yield, therefore, a greater 
amount of disinfectant energy per gramme-hour in 
dilute than in strong solutions. In oil, glycerin, nr 
alcohol, disinfectants lose some or most of their activity. 
Of fata* lanolin alone seems compatible with disinfectant 
efficiency. Home disinfectants form an emulsion on the 
addition of water, and their efficiency for a given 
amount of active material may vary within wide limits 
according to the manner in which they are emulsified. 
The temperature at which the organism is exposed 
to the disinfectant has a considerable influence on the 
extent or rate of disinfection. I p to the optimum 
temperature at which the organism to be disinfected 
grows on the medium in which it is exposed t lie activity 
of a disinfectant may fall off as the temperature rises, 
owing * to the increased vigour which the organism 
derived from the improvement in Its conditions in 
respect of temperature. A relatively small difference 
of temperature—two or three degrees—may make an 
appreciable difference in tin-activity of the disinfectant, 

1 This section is largely taken fnun Apr'i"' B'O'f'nVojy, Moor nn<l 
Hewlett, 1907. 



668 


Manual of Bacteriology 

and in the examination of disinfectants the failure to 
remember this* fact has led to serious error. Above 
the optimum a rise of temperature increases the activity 
of the disinfectant, sometimes to an enormons extent. 
The same is sometimes the case even at temperatures 
below the optimum, when the organism is in unfavour¬ 
able conditions for growth. A mixture of disinfectants 
in many cases has a more powerful effect than can be 
produced by either separately (Chamberland). The 
resistance of bacteria to disinfection by chemical 
agencies is extremely variable and is also selective. 
Bacteria of one class may be many times more sensitive 
to ono disinfectant than to another when both sub¬ 
stances exert an equal effect on bacteria of another 
class. Tho presence of organic matter may profoundly 
modify the action of chemical disinfectants, particularly 
those acting by oxidation, considerably reducing their 
efficiency. 

Requirements far an efficient disinfectant .—The con¬ 
ditions which should be satisfied by an efficient disin¬ 
fectant for general use are simple, but not ensy to 
obtain. Because a disinfectant effect depends on the 
strength of the solution, the substance should have an 
approximately definite* efficiency for particular organisms 
in given conditions, and for the snme reason it should 
be permanently homogeneous. In practice disinfectants 
must be used with water or in an aqueous solvent; it 
Bhould, therefore, yield a stable solution or uniform 
emulsion in all proportions. Because bacteria ifs pre¬ 
sented for practical disinfection usually have*some 
organic coating, it should bo stnblo in the presence of 
organic matter; and ns this coating is ofte» of a greasy 
character, it should, especially if intended for use on 
dirty or greasy surfaces, have high solvent power for 
grease. For use when heat can also be applied, whereby 
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its activity is enhanced, unless it breaks up, it should 
be stable at all reasonable temperatures. These con¬ 
ditions may be considered to be indispensably It is 
further desirable that it should have a sufficient]^ high 
specific efficiency to allow of its being used in a readily 
diffusible dilution; that it should yield a cheap solution 
or emulsion, not act on metals,'and be neither caustic 
nor toxic. Some disinfectant substances may now be 
considered more in detail. 

Acids .—All acids have disinfectant action, and their 
relative values are interesting in the respect that for 
them a general law has been fairly well established by 
Von Lingolshciin, and confirmed by Boer—namely, that 
tjhe efficiency varies with the degree of acidity. Solu¬ 
tions of acids not of equal percentage concentration, 
but of equal aridity , have approximately the same 
disinfectant efficiency, whatever may be the acid, and 
whether it be inorganic or organic. 

The acids have no great practical application in dis¬ 
infection. That which has been most commonly used 
is sulphurous acid, applied either direct from burning 
of sulphur (in which case it will also contain SU 3 if 
there is sufficient moisture to hold the sulphur dioxide in 
solution) or by the use of the liquefied gas. It produces 
a slow superficial disinfection of a weak and uncertain 
character even under laboratory conditions. Such 
experiments avoid, however, to a far greater extent 
than is possible in practice the difficulty of diffusion, 
and the unequal diffusion of sulphurous acid in air uiid 
its sftiall power of penetration make it less efficient in 
practice. To obtain even the poor efficiency which is 
its maximum possible it is necessary for the air to be 
damp and the room most carefully sealed, and in these 
conditions it is often more injurious to the objects under 
treatment than to the bacteria against which it is directed. 
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Oue of tho most efficient methods of applying sulphurous 
acid disinfection is by means of tho Clayton apparatus. 
Tho gatfcis generated by burning sulphur in a current of 
air at*a high temperature, and contains, in addition to 
SO., traces of higher oxides of sulphur. It is also a 
very efficient vermin-killer, destroying rats, cockroaches, 
bugs, fleas, flies, etc. 

Alkalien and soap *.—The degree of alkalinity of a 
solution affects, but docs not by itself altogether 
determine, its germicidal power, which is also depen¬ 
dent on tho nature of its metal. The hydrates of 
thallium, lithium, barium, calcium, potassium, sodium, 
and ammonia have widely different efficiencies, roughly 
in the order named. For practical purposes only those 
of potassium, sodium, and calcium need be considered. 1 
They exhibit notably the characteristic of all disinfec¬ 
tants that they work much more vigorously in hot than 
in cold solution. It is to tho hydrates or afkaline 
carbonates of potassium and sodium that the soaps owe 
such power as they possess against naked organisms. 
Thu relative efficiency of soaps in practical disinfection 
may bo understated by the results of comparative 
experiment on laboratory cultures because the resist¬ 
ance of the microbe itself to disinfection by chemical 
substances, and, indeed, by other agencies, may be 
small compared with the resistance offered by the 
envelope of grease or greasy dirt, derived from perspira¬ 
tion, pus, fat, and the oily grime which pervades cities 
and is everywhere caused by handling. A disinfectant 
of greater efficiency than soap on a laboratory cfllture 
may, therefore, be of much less efficiency on an infection 
in actual practice. Soaps are incompatible with most 
disinfectant substances, but not with all. Biniodide of 

1 See Forrest and Hewlett, Jowrn. Roy. Army lied. Corpi, February, 
11)04. 
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mercury can be prepared with soap, ami lor surgical 
purposes is a disinfectant of high value. •The “ carbolic 
soaps " of commerce are, for the most part, wqj-thlcss. 

Caustic lime, used generally as a *20 per cent.'milk, 
has considerable disinfectant power, and has been 
applied to the disinfection of fa*ees. Kor this purpose 
care has to be taken to break up any lumps of excreta, 
amd whenever practicable a heat process, of which the 
efficiency and rapidity may be greatly increased by an 
alkaline disinfectant, is much to be preferred. Lime is 
inefficient against the more resistant organisms, ami 
lime-wnshing cannot he considered a suflirieiil precau¬ 
tion against them or against infections, such as those of 
scarlet fever and smallpox, of which the exciting orga¬ 
nism is unknown. 

Haloyeim .—The disinfectant, values of dry chlorine, 
iitdine, and bromine are low. Both in a dry and a damp 
state chlorine is inconvenient, and the others are costly ; 
and the use of halogens is therefore practically confined 
to solutions, notably “ chloride of lime " ta mixture of 
calcium hypochlorite, hydrate, and ehlnride) and hypo¬ 
chlorite of soda (chloros). These have a powerful effect 
on laboratory cultures, but in practice need to be used 
in excess proportionate to the amount of organic matter 
which may be present. Thus, for instance, a I per 
cent, solution of hypochlorite of soda mixed with an 
equal volume of urine loses (he whole of its available 
chlorine almost immediately, and heroines inert as a 
germicide. Where the amount of organic matter is 
small,«and the objects arc not likely to be injured, the 
hypochlorites are among the best of known disinfectants, 
provided thgy. are used fresh. The slow addition of 
hydrochloric acid, yielding nascent chlorine, increases 
the activity of a hypochlorite considerably. A solution 
of iodine is now used for skin disinfection in surgical 
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practice. Iodine trichloride is a powerful disinfectant, 
of which the* use has been suggested, among other 
purposqp, for the sterilisation of water. Nessfield has 
suggSsted tlio use of chlorine for sterilising water on 
the large scale, and iodine for the same purpose on the 
small scale (p. 683). Chloride of lime or other hypo¬ 
chlorite may be used for sterilising water on the large 
scale (p. 634). 

Other inorijauie Huhelancetr .—Solutions of salts of 
mercury exercise a powerful disinfectant action in pro¬ 
portion to the amount of dissolved metal which they 
contain. The most commonly used is the perchlorido 
(corrosivesublimate). Apart from its extremely poisonous 
character, it has the disadvantage of forming with 
albuminoid substances both insoluble and soluble com¬ 
pounds of little or no germicidial value, sulphurottod 
hydrogen converts it into the insoluble and inert 
Sulphide, and it acts on some metals. Thu addition 
__ of acids or salts (t\ >j. hydrochloric or tartaric acid or 
sodium or ammonium chloride) prevents or largely 
reduces the formation of insoluble compounds ; but it 
does not prevent the reactions resulting in soluble 
substances, it may reduce the germicidal power, and 
the action of perchlorido in the presence of albuminoids 
is tliereforo very variable. The reduction in germicidal 
power by addition of sodium chloride is well seen from 
the following results (Finlay, luc. rit.) : 

Number of colonies 

1(1 litres of uolulion contained developing aftpr treat¬ 

ment for 6 minutes. 


1 

mole HgCljj 

• 

• • 

•8 

1 

99 

HgCl., + 

1 mule 

NaCl 

32 

1 

99 

HgCl 3 + 

2 mules NaCl 

.. 124 

1 

99 

HgCb + 

•* „ 

NaCl . 

. 382 

1 

99 

HgCl 2 + 10 „ 

NaCl . 

. 1087 


Extremely high values were at ono time given for the 
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germicidal efficiency of corrosive sublimate. This is 
now known to have been due to its powerful inhibitory 
action, traces of the substance curried over bito the 
subcultures preventing growth (see p. 080). 

The Local Government Hoard recommended the 
following solution of corrosive sublimate for disinfect¬ 
ing purposes : 

Corrosive sublimate . i o •/.. 

Hydrochloric acid . .1 o ■/.. fl. 

Anilin blue . . . «"» gr. 

Water . . . . 3 gals. 

This forms a solution of 1—000 nearly ; it. would be 
preferable to use 1 ok. of corrosive sublimate. 

The biniodidc is also a powerful disinfectant when 
dissolved in potassium iodide. It is not affected by 
albuminoids nearly as much as is pcrchloridc, and may 
bd incorporated with soap. 

Soluble silver salts are powerful disinfectants, weaker 
than mercuric chloride, but far less sensitive to albumi¬ 
noids ; in blood-serum, for instance, silver nitrate is 
several times as powerful as corrosive sublimate. I hey 
are incompatible with chlorides, except in certain 
organic combinations, from which silver chloride is only 
partially precipitated. Silver salts are poisonous, 
though less so than those of mercury. 

Iron and zinc salts have been credited with useful 
disinfectant action ; but, in fact, their value is very 
small, and no practical account need be taken of them. 
A very^ 5 trong antiseptic power has been attributed to 
copper* salts, which, according to some experiments, 
exercise a sufficient disinfectant action on sporeless 
organisms, sivh as the Ji. typhoms, to enablo drinking 
water to be sterilised from such infections by the small 
qnantity of copper which it dissolve's (p. 633). 

There is some ground for connecting the disinfectant 

43 
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action of metallic salts with a reducing action on some 
forms of protoplasm, as pointed out by Loew. 

• The ''permanganates have considerable germicidal 
power when in strongly acid or alkaline solution, but 
the readiness with which they are are affected by 
organic substances makes them unsuitable for practical 
use. ' Peroxides and ozone are open to the same objec¬ 
tion, and have loss disinfectant power. Hydrogen 
peroxide is used in tho Jludde process for sterilising 
milk (p. 651), and ozone has been practically applied in 
the sterilisation of water supplies (p. 634). 

Organic substances .—The methane and the aromatic 
series furnish the disinfectants which are most impor¬ 
tant in practice. 

Alcohol itself possesses some disinfectant power for 
sporeless organisms, but only when absolute or in very 
strong solution. 

Formaldehyde is by far the most important of the 
methane group. It can be applied either as a solution 
(formalin) or as gas. The gas can be produced by the 
incomplete combustion or oxidation of methyl alcohol, 
by the evaporation, with or without pressure, or spraying 
of formalin, either alone or mixed with calcium chloride 
or glycerine, by the depolymerisation by heat of the 
solid polymer paraformaldehyde, or by mixing this sub¬ 
stance with potassium permanganate. Many apparatus 
have been designed for the production of formaldehyde 
gas for disinfection. In any form the gas seems to 
give little more than superficial disinfection, and to 
require precautions to ensure diffusion throughout the 
atmosphere of a room. The conditions desirable for dis¬ 
infection by formaldehyde gas are saturation of the air 
with moisture, maintenance of a good room temperature, 
sealing of the room, the use of at least 60 grin, ol 
formaldehyde per 1000 cubic feet (preferably more, up 
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to 120 grin.), and in the case of large rooms mixture of 
the gas with the air of the room, either mechanically or 
by the provision of a multiplicity of inlets for*tlje gas 
into the atmosphere. By the use of a vacuum formal¬ 
dehyde can be evaporated in a closed chamber at tem¬ 
peratures indifferent to many substances which will not 
stand steam at 100°, and considerable penetration can 
be obtained (Defries process). As n spray formalin 
can be be used in any ordinary apparatus. Formalin 
seems to have a very slow germicidal action, for tested 

bv the Rideal-Walker method, its carbolic co-efficient 
• 

is only about 0‘7 for the B. typhoon». Yet 2 per cent, 
formalin kills anthrax spores in two or three days and 
gaseous formaldehyde is similarly active. 

Of the aromatic series, the number of substances 
and preparations is extraordinarily large. The stan¬ 
dardisation of methods of examination will, it is to be 
hoped,*eliminate the less efficient. 

The best known is phenol (carbolic acid). Its satu¬ 
rated solution contains about 0 per cent. It is only 
slightly affected by albuminoids, and generally is stable 
in the presence of organic matter at ordinary tempera¬ 
tures. Its compounds, when it forms any, have them¬ 
selves some disinfectant action. With acids this action 
is usually greater than that of pure phenol, with 
alkalies less. Light tends to decompose it, but the 
efficiency is not affected. It is poisonous and caustic. 
For practical uses its chief value is as a standard, 
as its disinfectant value is comparatively low, and tor 
spore-bearing organisms it is practically useless. Like 
the cresols, its efficiency is greatly increased by the 
addition ujf to saturation of common salt or hydro¬ 
chloric acid. The following results well demonstrate 
the increased germicidal power of phenol by additions 
of sodium chloride (Findlay, loe. eit.): 
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Anthrax spores treated. 

• Number of colonies develop- 

Holution iny after treatment (days) 

0 13 7 

3 per cent, phenol .... 6300 1390 1260 950 

3 „ „ + 1 per cent. NaCl 5720 1450 1320 360 

3 „ „ + 8 per cent. NaCl 1940 150 50 0 

Probably the addition of salt alters the distribution of 
the phenol between the water and the cells, the salt 
increasing the concentration of the phenol in the 

bacterial colls. 

" Crude carbolic acid ” consists mainly of cresols and 
higher phenols in proportions largely dependent on the 
source of the tar from which they are prepared; 
phenol is nearly absent from it. By themselves the 
cresols are extremely insoluble in water; in oil or 
alcohol they have little or no disinfectant value. Cresofs 
are much reduced in efficiency by albuminoids. In 
saturated salt solution the disinfectant value of crude 
carbolic acid is greatly increased. 

Ordinarily neutral tar oils with no appreciable dis¬ 
infectant value are left in, or mixed with, tar distillate, 
and the saponified product produces an emulsion with 
water. Innumerable products of this type are made. 
Their efficiency varies not only with their active ingre¬ 
dients, but also with the character of the emulsions 
w.hich they form, from about the same as that of 
phenol to about three times as much. Commercially 
they are known as soluble carbolic acid, soluble creosote, 
etc. Creolin is a type of numerous preparations »>f the 
same character. They are all poisonous and sensitive to 
albuminoids. If nuphtlialene is present in excess it is 
deposited in cold weather on standing. Lysol is mainly 
a solution of the cresols in fat or linseed oil, saponified, 
with addition of alcohol. It gives a clear solution with 
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water, having slightly less efficiency on naked bacteria 
than cresol, much superior solvency for grease, and 
equal sensitiveness to albuminoids. A number of pro* 
prietary disinfectants of high germicidal power are now 
to be obtained. Such are cyllin, McDougall’s M.O.H. 
fluid, izal, kerol, etc. The active agents appear to 
be oxidised hydrocarbons without phenol and cresol, in 
emulsion in glue, soaps, oils, etc., and they are com¬ 
paratively noil-toxic. The active principle of cyllin is 
an oxidised hydrocarbon, having a di-phenyl nucleus in 
place of the single phenyl present in carbolic acid ; it 
is insoluble in water, hence for the purpose- of even 
distribution in water it is emulsified with a neutral 
hydrocarbon oil. The finished product contains 50 per 
cent, of the active principle, and is free from carbolic 
acid and its honiologues. The active principle of kerol 
dbnsists of oxidised hydrocarbons with a di-phenyl 
nucleus and contains no phenol or creosol. Thu ger¬ 
micidal efficiency, expressed as the carbolic-acid co¬ 
efficient (p. 682), of a number of substances is given in 
the table on the next page. 

Some of the unilin dyrx, especially purified methyl 
violet or pyoctanin, have been claimed to be power¬ 
fully antiseptic in solutions of 1—500 to I--1000. 

Chloroform is a powerful antiseptic, but ut least 
1 per cent, must be present to act as a germicide ; it is 
costly, and not much used as a practical disinfectant, but 
in bacteriological and physiological chemistry is a useful 
antisefltic for preserving solutions which putrefy easily. 

Iodoform is valuable for dusting wound*, though its 
penetrating odour is objectionable, and ha* led to the 
introduction* of many Substitutes. Its value as an 
antiseptic has been greatly discussed ; micro-organisms 
will develop in nutrient media containing a considerable 
i Fowler, Journ. Roy. Army Mtd. Corp », July, 1 HU#. 
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Carbolic Acid Co-efficientt obtained by the Bideal - Walker 

• Method 1 ( p. 680). 


Disinfectant. 


i 

Absolute alcohol 
I Horic acid . 

1 Chinosol 
1 Chlorous 

I (with 5l) 

cent, urine) 
Copper sulphate 
Cyllin-. . 

„ (with 50 


per 


per 


Olwervcr. 


Fowler 

Walker 

Fowler 


Walker 

II 

Fowler 


Dnta 

of 

experi¬ 

ment. 


Organism. 


Carbolic acid 
' co-efficient 
'carbolic acid 
“ V. 


8’03 1 B. typhosus ' 
1004 
1103 

104 „ , 

7f)0 

601 

1106 


0-03 
0 (?) 
0 10 
210 

HO 

0-04 

140 


cent, urine) 

»» 

500 

1 

110 

Cyllin .... 

Klein 

506 

M. pyoijenes 

11*3 

11 • • • . 

Simpson and 

0 00 

B. pestis | 

3-4-0 

Formalin 

Hewlott 

Fowler 

3 05 

B. typhosus 

0*7 

Hydrochloric acid 

Walker 

2-05 


ll-o 

Isal* .... 

Fowler 

3 06 


11-0 

Kerol*.... 

if 

9 06 


120 

„ (with 50 per 




c 

cent, urine) • 

jl 

KUO 


H*5 

Little's phcnyle . 

M 

504 


20 

Lysol . , 

ft 

200 


2" o 

Mercuric chloride 

l» 

8-05 


looo-o 

11 «» • 

Walker 

805 


400*0 

1’otnss. permanganate 

Fowler 

805 


42-0 

•• „ (with 3 

per cent, organic 
matter) 

Walker 

107 


•1"0 

Zinc chloride 

» 

1 00 

M 

M 

0-15 


. * The germicidal efficiency of these substances has I seen increased 
since the date of the experiments recorded, and they now have a 
carbolic-acid co-efficient of from 16 to 20-22. 

proportion, but prolmbly when in contact witls- living 
cells a. decomposition is effected, free iodine«being 
liberated, hence its value. 

Tho essential oils, peppermint, mustard, rjoree, thymol, 
and menthol, are powerfully antiseptic. 

Disinfectant powders at best exert but a superficial 

1 Fowler, Jo urn. Ray. Army Med. Corps, July, 1007. 
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action. They act chiefly as deodorants, but uuiy be 
useful in preventing the breeding of iljes in garbage, 
etc. 

It is useless to add a small quantity of disiufectuift to u 
large volume of fluid or solid; the disinfectant must lie added 
in sufficient amount so that the mixture contains the umuumni 
percentage which lias been found bv experiment to be efficient. 
For this reason the attempt to disiufect sewers, sewage, 
streets, etc., by relatively small quantities of disinfectant* is 
useless, and the money so wasted would lie far I letter em¬ 
ployed in providing mure water for flushing purposes. 

In medical practice, while antiseptics can Ini upplied locally 
with success and, to some extent, for disinfecting the alimen¬ 
tary tract, no substance has yet been discovered which can lie 
administered with safety to such a degree as to saturate the 
body, and so exert a general germicidal action in infective 
diseases. 

* In surgical practice no unbiased observer run doubt the 
efficacy of antiseptic treatment, but many so-called “anti¬ 
septic operations ” are marred by faults of omission and 
commission which render them far from being perfectly anti¬ 
septic. There has been some controversy lad ween the advo¬ 
cates of “ antiseptic ” and of “ aseptic " surgery. Undoubtedly 
antiseptics do diminish the vitality, and therefore the re¬ 
parative power of the tissues and aseptic methods should so 
far as possible replace antiseptic ones. The skin of the 
patient and the hands of the operator having I icon disinfected 
as far as possible, no antiseptic should lie jiermitted to come 
into contact with the wound, which may lie irrigated with 
warm sterile physiological salt solution. A dry wound is au 
important element to success, and a dry, sterile, unirritating 
dressing should lie employed. Instruments, sponges, etc., 
may be kept in sterile wait solution after the preliminary 
disinfection—by heat (not sponges) or chemicals. Hut the 
aseptic system requires more care to ensure success than the 
antiseptic one, and unless the assistants can be trusted and 
the details rigorously carried out, the latter seems preferable. 
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The Determination of the Oermlcidal Power. 

For determining germicidal power on sporing organisms 
anthrax Spores are generally used, on non-sporing organisms 
cultures of the B. typhosus are usually employed. 

(1) Thread method .—Sterilised silk threads are impreg¬ 
nated with sporing and non-sporing organisms, lightly dried, 
and then exposed to the action of the antiseptic solution of a 
known strength for a given time. After treatment the 
threads are thoroughly washed with distilled water to remove 
the antiseptic, and sown on the surface of agar or other 
suitable culture medium. If no growth occurs the organisms 
are assumed to huve been destroyed. As a matter of fact, 
however, it is extremely difficult to get rid of the last traces 
of the antiseptic, which may inhibit growth although the 
organisms may yet be alive, a fallacy which caused an 
exaggerated value to be assigned to many substances—for 
example, corrosive sublimate. The thread method may stijl 
lie employed, but after treatment the threads should be sown 
in broth, or, better still, if pathogenic organisms*lie the 
subject of experiment, inoculated into a susceptible animal. 
The writer finds that in disinfection experiments with anthrax 
spores, surface agar is a much lietter medium than broth. 

In experiment* with corrosive sublimate, by whatever method, 
the last traces of the substance must be converted into the inert 
sulphide by treatment with hydrogen or ammonium sulphide. 

(2) Garnet method .—Small garnets the size of a pea are 

sterilised, soaked in a suspension or a broth culture of the 
organism, removed and dried. The garnets with the organisms 
attached are then soaked in solutions of the disinfectant of 
known strengths for various periods of time; they afe then 
removed from the solution, well washed with sterile water, 
and finally placed iu tulies of broth. * 

(3) Rideal-Walker or drop-method .— Moor first suggested 
that the germicidal efficiency of a disinfectant, might be 
compared with that of a standard solution of carbolic acid, 
which has a definite composition, is stable, and can be 
accurately standardised, and Kideal and Walker devised an 
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ingenious and Biinple method for carrying this out. A 
special teat-tube rack ia very convenient (Fig. (it*), in which 
the lower tier l.as five holea which hold three or tyur t olios 
containing the aolutious of decreasing strengths of the 
disinfectant to be tested, and two tulics or one tul»e containing 
standard carbolic acid solution of known strength for 
comparison. The upper tier lias thirty holes in two rows, 
and spaced into six sets of five holes each. These hold tidies 
of sterile nutrient broth which are uundwred from 1 to HO. 
The teat ia usually made with a broth culture of li. /y/i/msas. 



Flo. 09.—Test-tuls* rack with icsl-ttdies iimingcd fur tin* 
Rulonl-Walker iiii'UkhI <>f testing ilisinfi'ctioits. 


but other organisms may Is' employed. The process is as 
follows: The five tulies in the lower tier each contain !1 c.c. 
of the disinfectant and carlsdic solutions, into each in 
succession, at intervals of half a minute, three drops of the 
typhoid broth culture an* added with a pijsdte. Half a 
minute*after the /<iW tulle has lieeii inseminated, a loopful is 
taken front theirs/ tube and inseminated into the first broth 
tube, and tliis process is n*|seated at Inlf-minute intervals 
until all the broth tubes have ls*en inoculated. The iiiocu- 
lated broth tithes an* then inculmteJ at -17 C. for lime days, 
and the occurrence or not of growth is taken as indicating the 
killing or non-killing of the organism respectively. Obviously 
the first set of five broth tidies inoculated are subcultures in 
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which the organism has been acted upon by the disinfectant 
and carbolic solutions for two and a half minutes, the second 
set for fire minutes, and so on. The results (taken from an 
actuaj t#st) may be charted as follows: 

B. typhosus, 24-hour broth culture at 37 c C. 

Boom-temperature 60 ° F. 



X 1—1400 

X 1-1500 

X 1-1000 

X 1-1700 

■ Carbolic 1 -100 


Time culture ex posed to action . Sub-culture*, 
of dJainfectMnt (in minute*). 



i ! 

71 | 10 1*1 

I 



15 


' 1’erioit of I Tamper*- 
I incubation. ' tuns, j 

I : 


I 3 days ! 3rC. 



+ = growth iu the sub-cultures. • = no growth in the sub-cultures. 

Prom this it will be seen that the disinfectant X in a sofu- 
tion of 1 in 1600 kills in the same time (7i minutes) as 
carbolic 1 in 100. This result is expressed as a coefficient 
obtained by dividing the strength of disinfectant by the 
strength of carbolic which kills each iu the same time; in the 
present instance the co-efficient is , l n 11 "„" = 16 0, and this 
figure is known as the '* carbolic acid coefficient." 

If nothing is known about the strength of the disinfectant, 
some preliminary experiments should be performed with dilu¬ 
tions at wide intervals as regards strength («. g. 1 -100,1-500, 
1-1000,1 1500,1 2000, etc.), and when the limit has thus been 
approximately ascertained, the test is performed as above. 

Precautions to be taken in carrying out the test. —(1) The 
culture should be a broth one about twenty to twehty-four 
hours old, and should be free from clumps; this may be 
attained by filtration through paper. 

(2) The carbolic acid should be kept in the (prm of a 5 per 
cent, aqueous solution standardised by the bromine method. 
Failing this, the solutions may be mode with the acidum car- 
bolicum liquefactum of the Pharmacopoeia, which contains 
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100 parts of phenol in 110, but in not absolutely constant in 
composition. 

(3) All measures, pipettes, and test-tubes used for making, 
dilutions should be sterile. 

(4) The dilutions of tiie disinfectant and carlsdie should be 
made with sterile distilled water. 

(5) The broth used for cultural-' and suhculturiug should 
have the following composition : 

Leuico . .30 grin. 

Peptone.30 grin. 

Salt .10 grin. 

Water. 1000 c.c. 

The medium should be standardised to a reaction of -f It) 
(Eyre’s scale). 

(6) The loop used for sulM-ultiiring should have an internal 
diameter of 3 nun., and be made with platinum wire of 
37 28 B.W!G. 

(7) Qroirths in the sulxmltures should Is* obtained in those 
taken ufe not less than two and preferable at three of the time 
intervals (21, 5, and 7\ minutes) from both the disinfectant 
and the carbolic solutions which correspond. 

(8) The temperature at which the determination is made 
should be noted, and the strength of carbolic varied accord¬ 
ingly (1-100 for 56°-62° F., 1 110 for 02° «7' E.. and 1-120 
for 67°-73° F. for B. typhosus), or the determination may la* 
made at a standard temperature <«*. //. 20 (J.) by warming (or 
cooling) the disinfectant and carbolic tidies in a water-liath. 

(9) When the organism does not form a uniform culture 
in broth, a suspension of an agar or other culture must lx* 
made in water and filtered. Sub-culturing in some cases 
(e. y. with It. pestis and B. authracis) must Is* made on agar 
or other suitable culture medium. 

The method is an admirable one for determining the 
relative efficiencies of disinfectants on nuked organisms in 
the absence of organic matter. But in practice disinfection is 
almost always carried out in the presence of organic mutter, 
and various suggestions have I icon made with a view of 
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introducing thin factor iuto the test, for the presence of 
organic matter way reduce the carbolic-acid coefficient of mam 
disinfectants (see pp. 668, 674, and table, p. 678). Among 
the substances suggested are urine, faces, 2 per cent, suspen¬ 
sion of dried and sterilised faeces (Martin and Chick), and milk. 
Kenwood and Hewlett found that the presence of urine or 
fsaces reduced the carbolic acid coefficient of some proprietary 
disinfectants to a greater relative extent than that of carbolic. 

The method is also sometiihes somewhat erratic in practice, 
and a number of determinations may be needed before the 
strengths of disinfectant and carbolic which coincide are 
found. Occasionally also two strains of B. typhosus may 
differ widely as regards the germicidal action of the disin¬ 
fectant on them, while they are practically identical as regards 
the germicidal action of the carbolic. 

Woodhead and Ponder have proposed a modification of the 
method. In this, B. coli is used as the test-organism and 
bile-salt peptone water as the culture medium, a platinum 
spoon being used for culturing, and more cultures at shorter 
intervals up to half-au-hour are made. 

4. Volatile disinfectants may be tested by moistening the 
wool plug of an ugar tube, inoculating the agar, and capping 
with a rubl>er cap, and observing whether any growth occurs. 

5. Volatile disinfectants may also be tested by exposing 
silk threads, pieces of paper or fabrics, splinters of wood, etc , 
impregnated with organisms, some free, others done up in 
packets of cotton-wool, in a room or chamber of known cubic 
capacity, to the action of the gas, n known amount of which 
is present in the chamber. After exposure for a given time, 
the threads are sown in broth tubes, and the tubes incubated. 

t 

On the Rideal-Walker method, etc , see Rideal and Walker, 
Journ. Sanitary lust., vol. xxiv, 1903, p. 424; Kenwodd and 
Hewlett, ibid., vol. xxvii, 1906, p. 1 ; Firth and Macfaydeu, 
ibid., p. 17; Kenwood, Public Health, 1908; Bowler, Journ. 
Boy. Army. Med. Corps, July, 1907; Partridge, Bacteriological 
Examination of Disinfectants ; Woodhead and Ponder, Lancet, 
1909, vol. ii. 
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FRENCH WEIGHTS AND MKASURES AND 
THEIR ENGLISH EQUIVALENTS.* 


1 n (micron) 
l millimetre- 
25 millimetres 
1 centimetre 
2*5 centimetres 
5 centimetres 
1 grainmo 
4 grammes 
28 grammes 
1 kilogramme 
0*5 kilogramme 
1 cubic centimetre 
3) cubic centimetres 
28 cubic centimetres 
odfH cubic centimetres 
1 litre 


00(11 millimetiv incli. nearly). 

0W („*,) inch. 

1 inch. 

0*311 inch. 

1 inch. 

2 inches. 

15( (l.V 132) grains. 

1 (Irachiu (apothecaries’), nearly. 

1 ounce (avoirdupois), nearly. 

2 2 pounds (avoii-dii]s>ii«). 

1 pound (avoirdupois), nearly. 

Hi minims, nearly ( HI 22 minims). 

1 fluid drachm, nearly. 

1 fluid ounce, nearly. 

1 pint (i litre). 

1) pints, or 25 fluid ounces, nearly. 


SOLUBILITIES. 

Amount ok Substance coxtaixeh in 1<> <'<’■ ok a 
Satukatbi) Solution. 


Alcoholic solution of methylene blue 
Aqueous solution of methylene-blue. 
Alcoholic solution of gentian violet 
Aqueous*solution of gentian violet 
Alcoholic solution of fuchsin 
Aqueous solution fuchsin 
Aqueous solution of corrosive sublimate . 


(KM W gnn. 
0 (tut grin. 
0*442 gnu. 
0*175 gnu. 
0*2112 gnn. 
0 0<K! grin. 
0*507 gnu. 




INDEX 


Aberration, 140 
A biogenesis, 4 
Abscesses, amoebic, 512 

— multiple, 236 
—• typhoidal, 374 
Absorption of complement, 131, 

19° 

Achalme's bacillus, 451, 597 
Aehorion Schoenleinii, o07 
Acid alcohol in Oram’s method, 

*107 

Acid-fast organisms, 314 

— in mnk, etc., 358 
Acne, 230, 238, 240, 589 

Actinomyces, cultivation, 4i8 

— varieties, 481 
Actinomycosis, 470 

— clinical examination, 481 

— human, 477 

— in cattle, 478 

— spread of, 479 

— staining of, 482 

Aerobic organisms, 20 

Agar, 58. See Culture Media 
Agglutination, 193, 198 
Aggressins, 186 
Air, bacteriology of, 038 

— examination of, 640 

— of silvers, 645 
Air-passages, organisms of, 600 
Air-pulhp, 48 

Alcohol, absolute, 88 

— formation of, 35, 400, 499 


— for fixing, 8% 

— and ether for fixing, 99 _ 

— as an antiseptic, 385, 0i4 

— methylated, 88 

Alessi’s experiments, 385 
Alexins, 181,188, 209, 213 


| Algie, 8, 9 

— destruction of, 033 

— in water. 637 

Alum for purifying water, 606 
i — method for typhoid, 027 
j Amboceptor. 181 
I A model hurra! IS, olO 
I Aw'rhu rnli, olO 
j Aimebie, intestinal. 510 
Amoebic dysentery, 510 

— diagnosis of, 513 

Ammonia not pyogenic, 23.> 

_ production of, 24,30 

| Anaerobic cultures, 71 


— stab, 71 

— in nitrogen, 73 

_ Huchner's tubes, 73 

— in vacuo, 72 

— in hydrogen, 74 __ 

— in formate broth, o 

_ in sulpliindigotate broth, << 
—. Dean’s metb<sl, 77 

— Kriinkel’s method, 75 

— Hamilton’s method, 72 

— writer's liiethisl, 7ti 

— plate, 77 

Anaerobic organisms, 20. 41- 
Analysis of yeasts, 494 

Anaphylaxis. 176 
Angina, Vincents, 311 

Anilin dyes ns disinfectants. 0< 

— stains, 101 

— water, 102 
Animals, dissection of, 129 

— inoculation of, 127 
Anophelina-, 548 
Anthrax, 204 

— bacillus of, 265 _ 

— diagnosis of, 275 
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Anthrax, occurrence of, 273 

— scrum for, 274 

— spread of, 270 • 

— symptomatic, 455 

— vaccin#, 274 
Anti-libdies, ISO 
Anti-endotoxic sum, 42 
Anti-ferments, 202 
Antigen, 157 

— test (syphilis), 530 
Antiseptic action, conditions 

modifying, 007 

— power, determination of, 080 

— treatment, 071) 

Antiseptics, 004-070 
Anti-sera, 170 
Anti-serum, anthrax, 274 

— cholera, 4)18 

— colon, 408 

— dysentery, 300 

— hydrophobia, 570 

— plague, 421 

— pneumonia, 434 

— streptococcus, 2 Ml 

— tubercle, 331) 

— typhoid, 380 
Antitoxic constituent, 175 

— treatment, 107 
Antitoxin, cholera, 408 

— diphtheria, 201 

— tetanus, 4-47 
Antitoxins, 107 

— in normal blood, 280 
Anti-venin, 171 
Appendicitis, 585 
Archebiosis.O 

Area of dish, 040 
Arthritis, 258, 434, 507 

— deformans, 598 
Arthus phenomenon, 177 
Ascitic fluid culture medium, 01 
Ascococcns, 10 

Ascospores of penieillium, 501 

— of yeast, 403 

— of yeast, staining, 407 
Aseptic treatment, 070 
Asiatie cholera, 457 
Aspergillus niger, 501 

— fumigatii*, 602 
Atrepsy, 210 
Autoclave, 47 
Axotobacter, 34 


Babksta, 557 

Bacilli, capsulated, 271 

Bacilli carriers, cholera, 402 

— - diphtheria, 280, 209 

— dysentery, 390 

— typhoid, 370 
Bacillus, definition of, 17 

— acidi lactic!, 400, 049 

— acidophilus, 001 

— acne*, 689 

— acrogenes capsulatns, 451 

— aertryrk, 393, 395 

— albas variolrc, 579 

— anthraris, 205 

-— aq until is snlca fas, 031 

— bifidus, 001 

— hottlo, 507 

— botulinus, 450 

— buccalis, 480 

— bitlgaricit*, 053 

— butyrica*, 3)1, 450 

— eadaveri* sporogeites, 455 

— raniculm, 588 

— capsulatns, 437 
- hominis, 271 

— ravicida, 410 

— chauvmi, 453, 455 
Bacillus rloarir, 410 

— coli, 401 

- communis, 401 

— — communior, 404 
- immobilis, 271 

— corytrn, 312 

— diphtheria, 279 
- columbarum, 313 

— diphtheroid, 288, 300, 312, 504 

— dysenterim, 370, 397 

— enteritidis, 371, 391, 400, 049, 
657 

- sporogenes, 451, 453 

— /mentis alkaligcnes, 7,574, 031 

— Jilamentosus, 645, 058 

— frtidus, 599 f 

— flforeseens ligue/nciens, 30, 37, 
212, 250, 383, 012,845, Q58 

— fluorescent non - ligue/ariens, 
612, 658 

— fluorescent stercolatis, 283 

— fusi/onnis, 311* 

— glanders, 361 

— grass, 359 

— icteroutes, 394, 676 

— infantilis, 002 
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Haciltus influenza, -438 

— izotardnui, 371 

— lactie aerogenes, 410, 0O1, 049 

— lepra, 352 

— mallei, 301 

— megaterium, 058 

— meeenterictte, 645, 058 

— mist, 359 

— mucoeue capsntalns, 271 

— murisepticue, 427 

— mycoides, 30, 043, 045, 058 

— neapolitanue, 410 

— of Achalme, 451, 597 

— of black quarter, 455 

— of chicken cholera, 42(5 

— of Danysz, 371, 394 

— of Ducrey, 580 

— of Friedliindur, 429,435 

— of gastro-enteritis, 392 

— of Hofmann. 300 

— of hog cholera, 393 

— of Johno, 350 

— of Koch and Weeks, 58" 

— of Laser,*! 10 

—c of Lustgarten, 357, 525 

— of malignant ledema, 449 

— of M*rax and Axenfeld, 587 

— of inOAse septicaemia, 427 

— of oznfia, 595 

— of rabbit septiea-mia, 127 

— of rheumatoid arthritis, 55(8 
—- of rhinoueleroiua, 598 

— of Massol, 053 

— of swine fever, 393 

— of swine plague, 394, 427 

— of symptomatic anthrax, 455 

— of syphilis, 525 

— of xerosis, 311 

— Oppler-Boas, 59 4 

— paeaeoli, 371, 395 

— pa ratgphutns, 371, 391,395 

— perfringens, 451 

— pertugpit, 441 ■ 

— peetie, 413 

— pneumonia, 271, 429, 435 

— prodigiotn *, 37, 203, 057, 058 

— proleue, 24, 30, 251, 587, 588, 
643, 645, 068 . 

— pseudo-dipbfneri®, 300 

— pseudo-dysentorise, 399, 571 

— pseudo-tuberculosis, 350, 410 

— psittacoeU, 371, 391, 394 

— pmlriflcut eoli, 443, OOl 


Hue ill nf pyocyaneut, 37, 249, 570, 
585, 588, 589 

— pyogenes feRdnt, 408 

— smegmatis, 3544 m 

— sublilis, 15, 520, 058 

— suieholtra, 393 

— suipettifer. 371, 393, 395 

— sulealut, 574 

— tetnui, 443 

— timothy grass. 359 

— t tiberrnliitit, 317 

— lyphusnt, 371 

— hjphimn rid in, 371, 392, 391 

— lypltotiinilit, 371 

— vagina, 002 

— rinlaeent, 37, 4158 

— U'elehii, 451, 4120, 4144, 015, 
049 

— -V., 5741 

— si’ intit, 311 

Hart eria, action oil artilieial 
sugars, 22 

■ — classification of. 1-5 

— conditions of life of, 19 

— effect of electricity on, 24 

— effect of light oil. 23 

— effect of pressure oil. 23 

— iiiHuriire nt chemical agents 
on, 21 

influence of oxygen on. 20 

— influence of radium on, 2 4 

_ influence oi temperature oil, 

19 

' — nutrition of. 19 
! — selective action of, 22 

— structure of, 9 I 4 

— study of. *10. 123 el teg. 

1 — thermophilic, 241, 4144 

— variation of. 41 

' -- vitality of buried, 044 
, Bacterial jsiisoiis, 153 

— products, 38 

j Bactcriologii-sl diagnosis. «eo 
| Examination* 

1 — microscope, 138 
i Bacteriolysis, 18li 
i Bacteriotrepine*. 219 

’ Huctoriuifi, <l«*ttnitioii of, 17 

— kjmh.'K’h of. Sw bacillus 

— lermo, 110, floH 

HjuiU'djhIh, il-'l 

Balanlutium rvli, 5JJ0, 

I Beer, 492-495 


44 
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Bell-jars, 48 
Beri-Bori, 585 
Berkefold Altar, 40, 035 
Bird-pox,fl48, 582 
Bismarck brown, 103, 308 
Black lo^, 455 
Black quarter, 455 
Blackwator fever, 552 
Blastomycctcs, 487 

— classification, ‘187 

— examination, 401,400 

— fermentative, 102 

— identification, 403 

— pathogenic, 488 

— spores of, 403 
Blostomycetic dermatitis, 400 
Bleeding animals, 131 
Blood films, 08, 553 

Blood, germicidal action of, 208 

— serum, 00 

— to obtain, 01, 131, 533 
Blood-agar, 03, 467 
Blue piiH, 240 

Boils, 238 

Borax-methylene blue, 551 
Bordet - Durham reaction, 105, 
201 

Bordet-Gengou phenomenon, 101 
Boric acid, 078 
Bottle bacillus, 507 
Botulisimis, 450 
Bread, 057 

Brilliant-green agar, 030 
Bromine, 071 
Bronchitis, 200, -137, 580 
Broncho-pncmnonia,304,420, -134, | 
437, 4-10 

Broth, 55. Bee Culture media 
Brownian movement, 130 
Bubonic plague, 412. Bee 1‘ltignc 
.Buchner's method, 73 

— tula», 73 
Buddu process, 051 
Butter, 057 

— acid-fast bacilli in, 358 

Caffkikk mixture, 028 
Gallon's test, -100 
Calcium glycerate, fermentation 
of, 120 

Canary fever, 578 
Cancer, 242, 488, 515, 5S3 ' 

Cancruiu oris, 504 


Caps, india-rubber, 52 
Capsulated bacilli, 271 
Capsule of bacteria, 10 

— staining, 115 
Carbol-fuchsin, 102 

— gelatin, 023 

— methylene blue, lot 

— thionin blue. 102 
Carbolic acid, 075 

— crude, 070 

— coefficient, 082 
j Carbuncle, 223 

| Carmine, picro-, 103 
Carriers, bacilli, 371) 

| Cellulitis, 244 

! Cerebro-spinul meningitis, 253 
j Chanerc, soft, 580 
1 Cheese, diphtheroid bacillus in, 
| 055 

! — tubercle bacillus in, 057 
| — spirillum, 474 
Cheuiotaxis, 212 
| Chenzinski’s solution, 102 
Chicken cholera, 426 
j China-green agar, 630 • 

Cl) it ml fever, 578 
1 Chloride of lime, 071, 07C 
Chlorine, 072 
Chloroform, 077 
Cliloros, 671 

Cholera, auli-seriim, 16N 
— Asiatie, 457 

— chicken, 420 

— bog, 31)3 

— infantnui, 587 

— red reaction, 27, lot) 

— spirillum, 457 

— — diagnosis of, 470 

-indole reaction, -151) 

-in butter, 057 

— — in milk, 401, 041) 

-in oysters, 401 

— — in soil, 401 » 

-in water, 461 

-isolation from watsr, 032 

-pathogenesis, 462 

— — phosphorescence, 464 
-toxins, 4071 

-- vaccine, 460 

1 Ciliata, 530 
1 Cirrhosis, hepatic, 408 
Cludulkrix diehotoma, 486 
> Classification of bacteria, 15 
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Classification of bacteria, Migu- 
la’s, 18 
Clearing, 112 

Clinical diagnosis. Sue Examina¬ 
tions 

Clostridium butyricnm, 38, 450 

— Chauvn-i, 455 
Clothing, etc., 057 

Clove oil as an antiseptic, 078 
- as a clearing agent, 113 
Coceidial disease in man, 5 Rl 
Coceidium ovi/orme, 538 
Cold, effect on bacteria, 10 
Coloy’s fluid, 203 
Colitis, 401, 580 
Collodion sacs, 127 
Colon iMcilliis, 401 

— differentiation from typhoid, 
105 

— isolation of, 401 

— isolation from water, 025, cl 
seq. 

— pathogenicity of, 407 

— varieties df, 400 

Cemnia bacillus of cholera, 157 
Complement, 181 

— deviation, 185, 10O 

— fixation, lito 
Complemcntoid, 182 
Condenser, sub-stage, 138 
Conjugation in Ilyphomycvtcs, 

400 

Cunjunctivie, organisms of, 500 
Conjunctivitis, 587 
Conradi-Drigalski agar, 624 
Contagion, 151 

Copper, germicidal action of, 033 

— sulphate, germicidal action of, 
633 

Correction collar, 148 
Corrosive sublimate as a disinfec¬ 
tant, 600, 672, 680 

— actio# on rubber, 52 

— for fixing, 88 
Cover-glass specimens, 00 

— of blood, 08, 400 

— staining, 106 
Cream, 640 
Creolin, 670 
Cresol, 876 
Crithidia, 516 
Croup, 277 
Cryptocoocus, 401 


Culiehhe, 548 
Cultures, anaerobic, 71 

— hanging-drop. 131 

— Indian ink, 82 

— plate, 77, 83 

— preserving, 121 

— roll, 83 

— shake, 81 

— vitality of, 112 
Cl T I.TI'IIK MKIMA — 

Agar-agar. 58 

— blood, 03. 107 

— - alkali. 171 
-- brain. 310 

-~ brilliant green. 630 

— - ehinn-green. 030 

— Conradi-Urigalski. 021 

— distilled water,651 

— fnehsin, 020 
- glneose, oil 

-- glycerin, 50 

— - Inemoglobin, 03 

— litmus, 50 

— malachite green, 020 
-~ maltose, 505 

— iiiannite. 31 

— nasgar, 251 
potato bias ill. 111 
rebipehlgai, 025 

— serum. 02 

— wood-ashes, 33 
Alkali-albumin, 03 
Ascitic fluid. 01. 300 
Beer-wort, 57 

Bile (for typhoid), 300 
Bile-salt,4123, 021 
Broth, acid Ims4’, 55, 01 

— - ascitic fluid, 01, 300 

— formate, 77, 023 
glucose, 50 

— glycerin lieef. 50 
— Borneo, 50, 083 

— - peptone land. 55 

— sulpliindigotate, 77 

— - veal, 50 
Blood-Hcrum, 60 

— fluid, 61 

- Is’dfier's, 61 
llieudonne’s, 471 
Kggs, 63 
Kndo's, 6251 
Gelatin, 57 

— beer-wort, 58 
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OULTUKK MkuiA (emit .)— 
Gelatin, carbol,<623 

— glucose, 58 
Hiss's, *06 
Hycftocelo fluid, 61 
Litmus, flit 

LflfHer’s (for typhoid), 370 
Malachite green, 37o, 021) 

. Milk, 59 
Neutral rod, 623 
Nitric and nitrous, 31 
Pasteur’s fluid, 03 
Peptone water, 57 
— Dunham’s 57 
Pctruschky’s 400 
Potato, fll) 

— glycerin, 310 
Proskauer-Capaldi, 405 
Standard, 64 

• Usehinsky’s fluid, 63 
Whey, litmus, 406 
Cutaneous reaction, tuberculosis, 
348 

— typhoid, 300 
Cultures, roll, 83 

— single-cell, 1)6, 403 
Cystitis, 262, 374, 408 
Cy tases, 213 
Cyturyctes variola, 580 
Oy to toxins, 102 

Danyh/. bacillus, 371, 386, 301 

— effect, 172 

—*rat virus, 304 
Deueke’s spirillum, 474 
Dengue, 578 
Doodorants, 66-1 
Dermatitis, blastomycctic, 400 

— bullous, 250, 501 
Desiccation as a disinfector, 083 

— influence of, 10 
Deviation of complement, 185 

— test, 190 
Dhobie itch, 507 

Diagnosis, bacteriological or 
clinical. See Examinations 
Diarrhcuaof infants, 401,587,640 
Dilution method, 78 
Diphtheria, 277 

— (etiology of, 278 

— antitoxin, 201 

— standardisation, 293 

— treatment, 298 


Diphtheria, unit of, 207 

— value of, 208 

Diphtheria, associated organisms, 
283 

— diagnosis of, 282, 655 
-value of, 283 

— Hnd milk, 288, 594 

— bacillus, 279 

-acid formation, 281 

-fermentation reactions, 306 

-in noma, 594 

-in ozwnu, 595 

-in pyorrhoea, 507 

-isolation of, 278 

-pathogenic action, 285 

-persistence of, 282 

-pseudo, 300 

— — thread forms, 270, 309 

— — toxins, 280 
-varieties, 279, 284 

— membrane, 285 

— in lower animals, 287 

— of calves, 313 t 

— of pigeons, 313 
Diphtheritic roup, 313 

— neuritis, 285 

— paralysis, 285, 287, —f>S) 
Diphtheroid bacilli, 286,300, 312, 

504,505 

Diplococeus rramfus, 256 

— jiavtts, 256 

— intraceHularie meningitidis, 
253 

— nut routs, 256 

— pneumonia, 430 

— rheuinutii-us, 248, 507, 598 

— Still’s, 255 

Disease, production of, 153 
Diseases, causative organisms of, 
585 

— of beer, 404 

Disinfectant powders, 678 
Disinfectants, 664 1 

Disinfecting solution of Local 

Uovemment Board, GTS 
Disinfection, 050 
Disinfuotors, 660-662 
Dissection of anicunls, 129 
Distemper, 588 
Do urine, 520 
Drepanidiuin, 560 
Dunham’s solution, 57 
Durham’s tubes, 84 
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I Hist in air, 039 
Dysentery, &88 
- amoebic, 510 
_ bacterial, 31*8 

— infusorial. 537 

— para, 401 

— pscuilo, 397 

— bacillus, 371,307 


Ec'/kha, 590 
Effluents, sewage, 040 
Egg cultures, 03 
Ehrlich’s side-chain theory, ln9 
Ehrlich-Uiondi stain, 104 
El Tor vibrios, 405 
Electricitv. effect of, on 1 ncteria, 
24 

Embedd’ng, gum, 89 

— paraffin, 9i 
Empyema, 374, 434 
Endo’s fuchsin agar, 029 
Endocarditis, infective, 234. 238. 

244, 238, 434, 597 
Endotoxins, 39, 40, 1<»3 
Ehdotoxic sera, 42, 183 

— vaccines, 232 
Enrichment methods, ,i72. mo 
Kntamwln, 510 
Enteritidis group, 391 
Enteritis, 395 

— fowl, 420, 472 

— zymotic, 588 

Enumeration of organisms, W, 


. 307, 491 
473 


. 83 


230 

Enzymes, 30 
Eosin, 103 . . 

Epizootic lymphangitis, 
Eppingor’« streptothrix, 
Erysepelas, 244 
Erythrasma, 507 
Esmarch's roll cultures. 

Ether and alcohol for Axing, 99 
EnglenA, 510 
Evaporation, 49 

ExAMi*ATIONH. BaCTKRIOCOOI- 

cal.andClinicalDiaunohsh- 

Actinomycosis, 481 
Agglutination, 11*8 
Air, 040 

Algse in water, 63 1 
Amoeba coli. 313 
Anthrax, 275 
Hlastomycetes, 490 


Examinations. Hactkrioi.ooi- 
cal, ami Clinical Diaunohks 
(rout .)— * 

—• pathogenic. 19^ 
lint ter, 057 
Cheese, 057 
Cholera, 170 

— in water, 032 
Ciliated forms. 537 
Cnccidial disease. 511 
Colon liiieillus. 8*8 
Complement fixation. 19" 
Conjunetivitis, 587 

I liphthc in. 300 

— in milk, 055 

Disinfectants. HHti 
Kilters. 030 
Flagellated forms. 537 
l Handers. 307 
(inuorrho'ii. 259 
llieinolysis test .^189 
Hydrophobia. 571 
Hyplioiiiycetes. 5«*2 
Ice and ice creams. 032 
Influenza. IH 

Knell-Weeks liiieillus. 587 
leprosy, 355 
Malaria, 553 
Malignant <edemu. 151 
Meat, 057 
Milk, 051 
Moulds 502 
Opsonic index. 221 
Pfeiffer’s reaction. 183 
Phagocytosis, 220 
Plague, 421 
Pneumonia. 437 
Purges’ tenet ion, 5:16 
|'retoz.oii. 475 
... in water. 037 
Rallies, 571 
Relapsing fever, li 1 
Ringworm. 5o«* 

Sareiua ventriculi. 202 
Septic iliw'AnsH. 250 
Scwngc, 640 

Shell-fish. 034 . 

Suicffiiifi ba^illu*. 

Soil, till 

Suppuration, 250 
Syphilis. 528 
Tetanus, 448 
Thrush. 192 
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Examinations, Bactkiiiolooi- 
cal, and Clinical Diaunoshh 
(cont .)— 

Treponema pallidum, 528 
Tssehophytons, 500 
Trypanosomes, 521 
Tulierculosis, 340 

— (milk), ($54 

Typhoid bacillus in water, 
(120 

— fever, 380 

Wosserniann reliction, 528 
W ntcr, MOO 
Watercress, (135 
Welch's bacillus, 454 
Xerosis, 312 
Yensts, 40H 

— pathogenic, 401 
Exhaustion theory, 210 
Eye-pieces, 141 

Farcin i>kb bckufh, 481 
Farcy, 3M0, 401 
Favus, 607 

Fermentation, 34, 402 

— acetic acid, 3(1 

— alcoholic, 35 

— bottom, 404 

— butyric acid, 3(1 

— lactic acid, 3(5 

— top, 404 

— tulie, 85 
Ferments, 35 

— anti-, 202 
Films, (Mi 

— blood, 08, 553 

— interlamollar, 137 
Filters, 40, (13(1 
Filtration, 40. 00(1, (135 

— as a disinfector, (5(54 

— sand, 000 

“ Finger and too ” disease. 515 
Finkler-Prior spirillum, 473 
Fixation of complement test, 100 
Fixing specimens, 1)8 

— tissues, 88 

— by alcohol and ether, 99 

— by corrosive sublimate, 88 
Flacnerie, 501 

Flagella, 11 
Flagella staining, 118 
Flaginao reaction, 350, 5(10 
Flasks, yeast, 70 
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Fleas, 423 

Flies and disease, 381, 411 

— preventing access of, 130 

— tsetse, 510 

Fluid media, growths in, 00 
| Food poisoning, 35, 347, 302, 057 
' Foot and mouth disease, 501 
I Forceps, 51 

Formalin for disinfecting, 012 

— fixing tissues, 88 

— preserving cultures, 121 

— preserving specimens, 121 
Formate broth, 77, 023 

| Fowl enteritis, 420, 472 
i Frambcesia, 524 
I Friinkel’s pneumococcus, 430 

— tills*, 75 

; Frankland's method for air ana¬ 
lysis, 041 

Freezing microtome, 90 
Friedliiuder’s capsule stain. 110 

— pneumo-bacillus. 435 
Frozen sections, 78, (10 
Fnchsin agar, 029 

— bodies, 583 

— carlsd, 102 
Fumigation. (169, 071 
Fungi imperfecti, 488 
Fungus disease, 482 
Fusiform bacillus, 311, 594 

GAMKTER, 509, 544 
Gangrene, hospital, 234 

— spreading, 244, 449, 451 
Gartner group, 391 
Gitrtner'H bacillus, 392 

(las production, 38 

— — determination of, 84 
Gastric juice, prevention of infec¬ 
tion by, 033 

, Gelatin,'57, See Culture medin 
) — liquefaction of, (19 
General paralysis of insaine, 286, 
i 535 

' Genital organs', organisms*of, 002 
i Gentian-violet, anilin, 101 
1 Germicidal action of blood, etc., 
| 208 o 

, Germicides, 064 
; Giant cells, 315,329,353,305,470 
I Giemsa stain, 100, 529 
> Glanders, 359 
1 Globulin cell, 206 
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Globulin of anti-bodies, 158, 175 
illotiinsv, ol!i 

Gonorrluwu, 250 

— diagnosis of. 250 

— Unions in, 258 
Gram'* method, 1(15 

— Claudius ’h modification, 408 

— Gfinther’s nuxliticatinn, In* 

— thionin, 100 

— Wcigert, 100, 115 
Grain-negative cocci, 201 
Granuloma, ulcerating. 525 
Grass bacillus, 050 
Gregarincs, 550 
Griffith's steriliser. 1533 
Grinding luaehine, 12 
Grouse disease, 427 
Guamieri bodies, 5H(l, 5SI 
Gum for freezing, 0o 


Hacmamooba, 541, 550 
IIa*nmtin stain, :145 
Hicinatoxyifn, 10.‘1, 51 4 
Hicinoflagcllatcs. 510 
Haunoglobin agar, o:t 
Hteiiiojjregarincs. 550 
llirinnlysins, IKS 
Hieniolysis, 107 

— test, iso 
Haemolytic serum, 102 

— system, 101 
Hiemoproteus, 550 
Hsemoaporidia, 5-41 
Halogens. 071 
Haltcridiuiu, 520. 550 
Hanging-drop cultivations. I-'(4 

— anaerobic, 137 
Haptines, 102 
Haptophore group, 101 
Heat as a disinfector, 050 
Heat, dry, 0(50 

— moist, 001 

Heidcnliain's iron-liicinatoxylin, 

514* 

Herpes zoster. 501 
Herpetoniunas, 510 
Hesse’s uietltgd for nir analysis, 
(MO 

Hofmann bacillus, 300 
Hog-cholera, 303 
Hot-air steriliser, 40 
Hydma gestationis, 501 


«iir, 

Hydrocele-fluid culture medium, 
<H 

Hydrochloric Acid. 07N 
Hydrogen ]M-ro.\ide. 071 
llydropliobia. 50 4 
llvperseiisitatiou. 17G 
llyplue, 40S 
llyplnmiyceles, 40S 

— examination, 502 

— pat Oogenic, 501 

leu, organisms in, 00l. 032 
—- creams. 032 

Ideiitilicatioii of organisms, 125 
Illumination, I to 

— dark giound. I 40 
Immersion len»e». tlieorv of, 1 12 
Immune Imdy. INI 
Immunity. 2<U 

acijuireil, 2115, 21 I 

atreptie. 210 

- natural. 205. 2*si 
active, 215 

— passu o, 215 
-- Immoral. 211 

— pliagis-yt le. 21 I 
transmission of. 215 

llii|M*ligo, 230. 2N5. .500 
Impiessioii -js'eimelis. I<hi 
I ncubator. 00 
Index, opsonic. 221. 220 

- delerminatioii of. 221 
I iidian ink met Inal. N2 
-- for syphilis. 52N 
Indole, 2.5 

— iiitiuem.f culture medium. 

20 

Infantile paralysis. 572 
Infect i»n. 151 

— - modes of. 155 
Infective pris'css. 154 
Influenza, 43H 

— . old. 20O, 312. no 
Infusoria, 530 

Inoculating t id*.* ineth.nl of. 7* 
Inoculation, intm-venoiis. 12N 

— of animats, I2H 
Interlainellar film*. 137 
Intogtine. orgiitiiHin* of, fi*»I 
Intoxication, 152 
Intracellular substances, 153 
lntra-venous inoculation, 12* 

I n vert nee. 37 
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Investigation of micro-organisms. 

Iodine, 671 
— Oram’s .106 
— trichloride, 671 
Iodoform, 67 i 
Irrigation, 133 

^ion of micro-organisms, 124, 

1«D 

Izal, 677 

Jennrh’s blood stain, 104 
Johne's disease, 350 

Kala-Azar, 6 
Kerol, 014, ($77 
Kleba-Liiffler barillus, 278 
Koch's "comma” bacillus, 457 

— postulates, 154 
Koch-Weeks bacillus, 587 
Kraus’s test, 460 

Landry's paralysis, 505. 573 
Lankesterella, 0 (i 0 

Jjitrcfiuiia mu}tirin' , 550 
Leguminoso), fixation of nitro"en 
by. 32 

Leishman-Donovan body, 521 
Lcishmnn stain, lot 
Leishmaniosis, 521 
Lenses, microscopical, 141 

— immersion, 142 
Leprosy, 351 

— diagnosis of, 355 
Loprosy-like disease of rats, 355 
Leptathrise literal is, 480 
leucocytes, migration of, 212 

— in milk, 052, 055 
Leueocytozoa, 523, 55(1 
Leucorytozoon ranis, 550 
Leuconostoc, 17 
Levaditi’s stain, 629 
Life-history, studying, 124 
Life without bacteria, 3 
Light as a disinfector, 663 

— effect of, on bacteria, 23 
Litmus media, 59 

Local Government Board disin- 
footing solution, 673 
Lhffler’s methylene blue, 101 

— seruui, 61 

Loop, standard, 683 
Luatgnrten’s bacillus, 525 I 
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Lymphadenitis, ovine, 351 
Lymphangitis, 244 
— epizootic, 367, 491 
Lysine, 180, 188, 1U2 
Lysol,.077 

Macrouametk, 509 
Macrophages, 212 
Madura disease, 482 
Mai de Caderas, 519 
Malachite green media, 370, 029 
Malaria, 511 

— diagnosis of, 653 

— parasites, 642-552 

-mosquito phase, 515 

-species, 649 

Malignant disease, 488, 583 

— oedema, 449 

-clinical examination, 454 

— pustule, 271 
Mallein, 300 

— in diagnosis, 308 
Malta fever, 591 
Marasmus, 250 
Mastigophora, 510 
Mastoid disease, 595 
MeConkey stain, 110 

— - media, 623, 024 
Me Bengali's fluid, 077 
Measles, 593 

Measurement, microscopical, 149 
Measures and weights, 085 
Meat, 392, 657 

Media, culture, 54. See Culture 
media 

Medical antiseptics, 079 
, Mediterranean fever, 591 
I Moiostagmin reaction, 202 
I Membranous rhinitis, 286 
! Meningitis, 134. 693 

— eerehro-spinnl, 253 

— posterior basic, 255 
Mercaptan, 24. 38, 39 
Mercuric chloride, 672 

— iodide, 673 
Mercury pyogenic, 230 

— vapour lamp. 140, 603 
Merismopedia, definition of, 10 
Metchnikoff’s spirillum, 472 
Methylated spirit, 88 
Methylene blue. Loffler’s, 101 

— borax, 554 

— enrbol, 101 
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Micrococci, Gram-negative, 201 
Micrococcus, definition of, 10 

— agilia , 060 

— bombyeia, 361 

— candieana, 650 

— catarrhnlia, 260, 440 

— re reus alb**, 240 
- jtavus, 37, 241 

— rinereua, 268 

— epidermidit albua, 240 

— Jtaveaeena, 240 

— gonorrhoea, 250, 500 

— Innceolatna, 430 

— Uelitenais, 106, 501, 640 

— meningitidis, 253 

— neoform ana, 242, 583 

— Paateuri, 430 

— pyogenea, aureus, 237 

- albus, 240 

- citreus, 240 

- tenuis, 430 

— aalivarina, 241,001 

— scurf, 241, 030 

— tetragenHs, 200 
urea, 30, 37 

— tymogenes, 241 


1 Moeller’s spore stain, 118 
I Molluscum bodies, 504 
! Movax-Axenfdd bacillus. 587 


! Mosquitoes, 518 , 

j — and malaria, 515, 518 , 

| — and yellow fever, 670 
Motility of organisms, 11, 130 
Moulds, 408 

i Mounting w'etions, 111 
: Mouse plague, 301 
■ — septiciemia. 127 
, Mouth, organisms of, 180. 000 
Movement, Hrowninn, 130 
Murnr iMiKvilii, 168 
Mucous membranes, orgnnisms 
j of, 5011 
i Mumps, 5113 
Mustard oil, 078 


; Mycelium. 108 
Mycetoma, 182 
j Mycetozoa, 513 

My cow's, rail 

Mycosis tonsillaris. -185 
Mytilntoxin. 30 

I Myxomycctes. 515 

Myxosporidia, 5lio 


Mierogfcmeto, 500 
Micrometer, 140 
Micro-millimetre, 150 
Micron, 150, 085 
Micropliages, 212 
Microscope, bacteriological, 138 
Microsporidia, 500 
Mirrosporon Audauini, 503 

— furfur, 507 

— minutisaimum, 507 
Microtomes, 00. 04 
Miesclier’s corpuscles, 501 
Milk, 647 

— diphtheria-like bacillus in, 

288, 655 

— examination of, 054 

— leucocytes in, 052, 055 

— organisms in, 648 

— Pasteurisation of, 650 

— pathogenic organisms in. 010 

— examination for pathogenic 

organising 654 

— sour, 653 

— standard for, 053 ^ 

— sterilisation of, 050 

— curdling of, 30, 6411 

— culture media, 50 


Naoana, 518 .... , 

Nasal mucus, germicidal actual 

of, ooo 
Nsugar, 251 
Nnstill, 353 
Necrosis, 37 
Noodles, 50, 51^ 

Negri lsslies, ,,0.> 

Neisseria stain. ,108 
Neuritis, diphtheritic. 285 
Nitragin, 33 
Nitrification. 28 

— stag<*s in, 30 

— solutions for. 31 .... 

Nitrifying organisms, isolation 

of, 31 

Xitrolioeter, 30 

Nitrogen, fixation of. M 
Nootiluea. 516 
Noma, 504 

Nomenclature, 18 

Normal solutions, <15 
Nnienut hombyris, 500 
Nose, organisms of, 606 
Nose-pie*'**, 16* 

Nncb'ins, 210 
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Objectivism, 141 

Objects, measurement of. 1 1 !) 

(Edema, iimli/'wuif, 440 

Oirtinm alt*cans, MIL 

— lnrti», 04!) 

Oil-immersion lenses, 142 
Oils, essential, as antiseptics, 078 
Old age, fio | 

Ookinot, 540 

Ophthalmia, 258, 587, 500 
Ophthalmitis, 240 
Ophthalino-rcaction, in glanders, 
805 

— in tuberculosis, :iHI 

— in typhoid. 8110 
Oppler-lions bacillus, 504 
Opsonic index, 221, 220 

-detenninntioii oi, 22 4 

Opsonins, 220 

Oran ge-ru bin, UK) 

Organisms and disease, 123, 151 
158 

Organisms, cultivation of, fill 

— - enumeration of, 77, 231 ) 

— identification of, 125 
influence of a mixture of, 21 

— isolation of, 14, 77, 124 

— of air, water, and soil, 058 

— of air-passages, 000 

— of conjunctiva*, 500 

— of genital tract, 002 

— of mouth, 000 

— of nose, 000 

— of skin, 500 

— of stomach and intestine, 001 , 

— of urinary tract. 002 

— ultra-microscopic, l 48 

— variation of, 0 

Osniie acid fixation, 1 ( 10 , 537 

Osteomyelitis, 237, 238, 214 374 

Otitis. 2 Ml, 51)5 

Oven, hot-air. 40 

Ozurna, 505 

Ozone, 031, 074 

Parks’ discs, 01 4 
Pappataci. 578 
Pappenheim’s solution, 358 
Para-colon ltucilhis, 371. 3115 
I*nru-dysentery tiucillus. 401 
Para-typhoid fever. 3115 
Paraffin. cmiicdding in. 111 
— sections, lit 
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. Paraffin sections, mounting, 113 
Paralysis, diphtheritic, 285, 287 
1 20)1 

— general, 280, 535 

— infantile, 572 

— Landry's, 505, 573 
l‘nrumecium mli, 530 
Parasites, 152 
Parotitis, 503 
Parthenogenesis, 500 
Pasteurisation of milk, 050 
Pasteur’s fluid, 03 
Peat, germicidal action of, 383, 
401 

Pebrino, 500 
Pemphigus, 500 
I'enirillinm ijlanriim, 500 
Peppermint oil, 078 
Peptone water, 57 
Pericarditis, 258, 431 
Peritonitis, 43 4, 505 
Permanganates, 074 
Pertussis, 441 
Petri dishes, 70 ' 

Petri’s method for ail* analysis 
041 

Potruschky’s litmus wlie^, 400 
Pfeiffer’s reaction. 180, 183 
Phagocytes, 211 
Phagocytosis, 211 
— estimation of, 220 
Phenol, 005, 000 
Phlebitis, 230 
Pldcbotomiis fever, 578 
Phlogosin, 230 
Phosphorescence, 37. 402. 510 
Physiological salt solution, 07 
Piero-carmine. 103 
Pictou cuttle disease, -408 
Piedra, 507 

Pigment, formation of, 37 
Pink torula, 058 
Pinta, 507 
Pipettes, 61, 53, 227 
Piroplusnmta, 557 
Pitfield’s flagella stain, 120 
Pityriasis, 507 
Plague antiseruni 4 42l 

— bacillus of, 413 

— diagnosis, -124 

— epidemiology, 422 

— pathogenesis, 417 

— vaccines, -410 
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j , /iuii>iotliopHoi > (E bra**ie«, olo 
/'fuoiiiodisin-, B41 

— Korhii, 502 

— in alaritr, 5-MI 

— prsrcox, 556 

— eivitx, 550 
Plate bottles, HO 

— cultures, 77 
-agar, HI 

— — anaerobic, 82 

— — gelatin, 78 

-silica jelly, 31 

Platinum needles, 50 
Plaut's method, 482 
Pleoinorpli ism, 15 
Pleuropneumonia, 118, 130 
Plimmer bodies, 583 
Ptieumobaeillus of Kriedlander, 

435 

Pneumococcus. Frimkel’s. -130 
Pnoumo-myeosiH, 501 
Pneumonia, 4211 

— diagnosis, 437 
Poisons, bifcterial, 38, 153 
«— tolerance to, 2-> 1 
Poliomvelitis. 572 
Porcelflin filters, 40, 635 
Porges’ reaction, 536 
Post-mortems, 120 
Postulates, Koch's, 15-1 
Potassium permanganate, 6. 1. 

678 

Potato, 50. See Culture me,tin. 
Powders, disinfectant. 678 
Precipitins, 203 

Pressure, effect of, on bin-term. 
23 

Products of bacteria, 38 
Proskaner-Capaldi media. 406 
Proteins, hacterial. pyogenic, 
235 

— germicidal, 200 

— tolKc, 40 

Proteosoma, 556 _ 

Profits capsulata* homini*. 2i l 

— minrbili*, 658 

— vmlgarU, 058. Sec H. protean. 

— Zenker,, 6*8 

— in putrefaction, 24, 30 
Protophyta. 8 
Protozoa, 508 

— in water, 637 

Pseudo-diphtheria bacillus, 300 


Pseudo-diphtheria, relation to It. 

iliphtheriie.lV >5 
Pseudo-tuls-i-ciilosis. 350 
Pseudomonas. IS. 30 * 

Psilosis, 566 

Psittacosis. 301 

Psorosjicriiiosjs, 5IO 

Ptominos. 38 

Puerperal fever. 566 

Pugh’s stain, 308 

Pump, exhaust. ts 

Purpura. 566 

Pus. blue. 216 

— in milk. 652 

Putrefaction. 21 

Pyicmia. 236 

Pvle-plilebitis. 236 

P> • M-t mi ill. 677 

Pyoryuimse. 250 

1’yorijrim‘ii* illleoli*t||, 211*. ->|0 

Pyoeyailin. 210 

Pyogenic organisms. 237. 262 

Pyorrluea. 507 

Pyroglllllc lo-ol. 73 

Pvrosoma, 7*57 

Ql'AUTAN fi-ver. 511* 

Quarter evil. 155 
Quinine an*l inalariii, .*.*2 
— and tetanus. 115 


Rabbit seplieieiiiiu. 127 
Rubies. 561 
— diagnosis. 57 I 

Radium, effort <*f. <*n bacteria. 
21 

Hag-sorter's disease. 2* I 
Rat-virus, 301 
Kauselibmnd. 4.*.* 


Rav fungus. 178 
Reaction. Hordct-IUnluim, 


105. 


— cholera re«l. 27. 156 

— indol, 25 
nieiostagiiiin. 202 

— l’feiffer's. 180, 183 
l’orges'. 536 

— Voges- Proskaiier. Ilo 
Robipolagar. 625 
Receptors, 161 

_elielil**-. 204, 216 

Relapses, tlus.ry of. 388 
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Relapsing fever, spirillum 
524 

Resolving power, 1 f 7 
Retention theory, 217 
Kheuiui^isin, 507 
Rheumatoid arthritis, 698 
Rhinitis, membranous, 280 

— atrophic, 595 
Rhinoscleroma, 598 
Rinderpest, 698 
Ringworm, 502 

— cultivation, 504 

— examination, 500 
Rocking microtome, 94 
Roll cultures, 85 
Romanowski stain, 104 
Roup, diphtheritic, 313 
Rubin, 103 
Ruffer liodics, 583 
Russell's corpuscles, 583 

Saccharimkthr, 85 
Sarrhuroniycea aunmnlnn, 490 

— rererUiie, 492, 495 

— elUpsoiileut, 495 

— lilngenea, 488 

— piiKtoriaiius, 495 
Saccharomycetes, 487 
Saliva, germicidal action of, 001 
Salt solution, physiological, 97 
Sand-fly fever, 578 
Sapra-mia, 235 
Saprophyte's, 20 

Sarcina, definition of, 10 

— Intea, 37, 058 

— ventriritli, 202 
Sarcoma, 489 
Sarcosporiilia, 501 
Sarkodiua, 510 
Saturation test, 201 
Scarlet fever, 502, 049 
Srliizomycetcs, 8 
Schisophycoiv, 8 
Selerotiuin, 498 
Sections, frozen, 89 

— paraffin, 91 

— fixing to slide, 05 

— staining, 111 

— to mount, 113 , 

Sedgwick and Tucker’s method ' 

for air analysis. 642 ! 

Sedimentation ti>st, 200 
Septic diseases, 233 


Septic tank process, 640 
Septicemia, 155, 235 

— a, 155 

Sera, anti-microbic, 179 

— antitoxic, 157 

Serum, culture medium of, 00,01 

— germicidal action of, 208 
Serum disease, 170 
Seven-days' fever, 578 

i Sewage, 645 
Sewers, air of, 645 
; Shako culture, 84 
Shell-fish, examination of, 634 

— pathogenic organisms in, 382 
Side-chain theory, 159 

Silica jelly, 31 
Silkworms, disease of, 560 
Silver salts, 673 

— pyogenic, 235 
| Skatole, 28 

| Skatole-earhoxylic acid, 27 , 214 , 
264 

I Skill diseases, 502, 507 
I — organisms of, 589, film 
Sleeping-sickness, 517 
! Slides, cleaning, 119 

— hollow-ground, 131 
, Smallpox, 579 

I Smear preparations, 98 
Smegma bacillus, 356 

— staining, 346, 357 
Sodium bisnlphate, 633 
Soil, 643 

— nitrification in, 28 
Solubilities. 685 
Solutions, normal, 65 
Sour milk, 653 
Species of bacteria, 7, 18 
Specimens, preserving patholo¬ 
gical, 121 

Spirilla, 1/, 457. See also Vibrio 
Spirillum, definition of, 17 
cholera Aria lira, 457 > 

-varieties, 463,467 

— of cholera, isolation •Troiii 
water, 032 

— of Kinkier and Prior, 473 

— Metrhnilari, 47% 

— Obe no fieri, 524 

— rub root, 37, 474 


tyro.jenum, 474 
Spirochaeta, 16 . 522 
— DuMont, 524 


of. 
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Spiroohaeta Oberineieri, 524 

_ pallida, 625 

_ pertenux*, 624 

_ i er»rrenlis, 524 

_ refringent, 526 

_ Vince nit, 811 I 

_ in bronchitis, 580 

_ in cancer, 533 

— in dysentery, 589 ... 

_ in ulcerating granuloma, o2o . 

_ in ulcers, 525 

_ in yaws, 524 

Spirochaetosis, 522 _ _ 

Hpironema pallidum, o2o ; 

Spleen, germicidal substance 
from, 205) 

— in immunity, 214 
Sporangium, 45)9 
Spore formation, 13 
Spore staining, 117, 497 
Spores, resistance to heat, 20, '"JO 
Sporidium vaccinate, 581 
Sporotrichosis, 490 

Sporozoa, 638 
Spotted fever, 253 

_ of Kocky Mountains, ■>(•> 

Sprue#590 

Stage, microscopical, l.*« 

Staining methods, 101. 8ee under 
respective names 
_ cover-glass specimens, 109 

— capsules, 115 

— flagella, 118 

— Gram, 105 

— sections, 114 

— spores, 11", 497 

Stains, 101. See under respective 
names 

Standard loop, 083 
Standardisation of antitoxin, 293, 
448 

— of media, 64 
Staphylococcus, 17 

— species of. See Micrococ*. 
Steam as a disinfector, 661 

— steriliser. Ml _ 

Stegomyia, 548,576 
8teriliaation^45 

— discontinuous, « 

— of cotton-wool, 52 

— of glass vessels, 53 

— of milk, 630 
Steriliser, hot air, 46 


Steriliser, Griffith's, 033 

— writer’s, for milk, 052 

— steam, 40 • 

Still’s diplococciis, 255 
Stimulins, 219 
Stomach, organisms of, IKn 
Strangles, 240 _ 

Streptococcus, definit iuu of, 10 

— diagnost ic t aide, 248 

— anijino*n*, 218 

hrerie, 2M> _ . 

— rvmjloineral «*, — 1 ■ 1 ■ 217, •>03 

— cun ini'*, 218 

— enjaipelnti*. 211,218 
.— J'.rcnll*.- 18 

— loH'jns. 217 

— lin’dlu*, 2 18 
pyinjcnv*, 213 

._anti-scrum. 216 

_ in milk. 61!). 655 

_ vhetniinlicii*. 218. 597. -'98 

_ salivacin*, 218, 091. 669 
_ sm el a time, 247, •d>2 

Strcptothrix infections.-li.i 
Strcptotlirix. acid-fast, 31.» 

— itcltnounjcr*. 47 ( 

— Kpl'ingeci, 17 •» 

— Freed, 181 

— - leprnide*, 3.»3 

— jtinillictr, 18 t 

_ \orardti, -181 

Slrcptotriclicic, 175 
Sut'-stagc condenser, 13 s 
Sul*-tertian fever. 5.Vi 
Sugars, resolution of, 2* * 
Sulphurous acid, 671 

Superscnsitutioii, liO 

' Suppuration. 233 . 

_ elinical examination,-S' 

_ conditions modifying.-«• 

_ .lit., to chemical agents, —11 

_ influence of dose, 231 

_ _ — embolism, 236 

-injury, 231 

Surgical antiseptics, 6<9 
Surra, 519 

Swine erysipelas, 43i 
— fever, 393 
- plague, 391 
Symbiosis, 21 
Symptomatic anthrax, ■»•*» 
Syphilis. 525 
Syringes, 128 
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TABKH, 535 

Temperature, influence on bac¬ 
teria, 10 
Test-tubes, 50 
Tetanus, 4«fe 

— uniitfals susceptible to, 444 

— clinical examination, 448 

— bacillus, 443 

— — associated organisms, 445 
-and (jiuniue, 445 

— antitoxin, 4-47 

— toxins, 445 
Tertian fever, 550 
Texas fever, 55H 

Theobald Smith phenomenon, 178 
Thermal deat.li-point of organisms 
in milk, 051 

Thermal death-point, determina¬ 
tion of, 002 

Thermophilic bacteria, 20, 044 
Thionin, earliol, 102 
Thrush. 401 
Ticks, 524,557 
Tinea, 504 
Tinfoil, 52 

Tissue-fibrinogen, 211 
Tissues, prepurat ion of, 87 
Tolerance to poisons, 201 
Torula, pink, 058 
Toriliu), 487 
Toxins, 30,153, LOO 
Toxoids, 103,10 4,204 
Toxoues, 2il4, 205 
Toxone effect, 172 
Toxophile group, 101 
Toxoplioro group, 101 
Trachoma, 500 
Treatment, antiseptic, 070 

— antitoxic, 208 
Treponema pallidum, 525 
Trichomonas, 510 

— species of, 525 
Tryenophytons, 504 
Trypnnoplasma, 510 
Trypanosoma, 5 It! 

— species of, 517 -520 
Tsutso flies, 510 

— fly disease, 518 
Tilin', microscope, 141 
Tubercle anti-sera, 330 

— structure of, 315 

— bacillus, 317 
-agglutination, 347 . 
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l Tubercle bacillus, aviun variety, 

| 320 

-cultivation of, 310 

j-distribution in tissues, 327 

j — — mammalian variety, 320, 
330 

I-staining peculiarities, 318 

|-thermal death-point, 325, 

J 051 

I-toxins of, 324 

;-in the blood, 327 

I-in butter, 057 

i — — iu milk, 337, 640, 054 
Tulierculin, Behring’s, 323 
i — bacillary emulsion, 323 
I — cutaneous reaction, 348 
I — new, 322 
j — old, 320, 340 
, — ophthalmo reaction, 3lit 
i — K, 322 

I — reaction in actinomycosis, 481 
j — treatment, 323, 340 
I —■ veterinary, 340 
! Ttilierculosis, 315 ' 

i — anatomy of, 315, 327 
! — avian, 320 
i — bovine, 330 « 

— complement fixation in, 340 
, — diagnosis of, 3Kt el m'j. 

— disinfection in, 330 

— immunity in, 316 

— in the horse, 320 

— mammalian, 320 

— piscian, 328 

— pseudo-, 350 

— Koyal Commissions on, 330, 
335 

— spread of, 332 -337 
Tuberculous food, 336 

— sputum, staining, 3 41 

— tissues, staining, 3-44 

— urine, 340 
Tulase, 324 

i Turpentine, pyogenic, 235 
i Twort’s stain, 514 
, Typhoid bacillus, 371 

— carriers, 370 

; — ill the blood, 374 
i — iu milk, 040, 65,> 

— in water, 381, 625 

! — survival of, 379, 380 

— isolation from stools, 380 

— serum, 386 
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Typhoid vaccine, 387 
-- variation of, 388 
Typhoid fever, 371 
-- agglutination reaction, 370, 
300 

— and oysters, 382 

— and sewer gas, 385 

— diagnosis of, 380 

— ill animals, 375 
Typhus fever, 574 
Tyrutoxieon, 30, 51K) 

I’ i.ckratinu granuloma, 525 
Ulcerative endocarditis. See 
Bnduett riiitia , iiij'erti re 
Ulcers, 474 

Ultni-inicroscojiic organisms, 1 IS 
Ultra-violet light, 23, li<>3 
Units, antitoxin, 207 
U nun’s method, 115 
Urea, fermentation of, 30, 37 
Urinary operations, infection in. 
•too 

— organs, organisms of, 002 
Urine, colon linrillus in, 8)8 

— smegma bacillus in, 3Mi, 357 

— tuliercle bacillus in, 3 Mi 

— typnoid bacillus in, 371 
Usehinsky’s Huid, 03 

Vaccinrh, dosage of, 232 

— cndotoxic, 232 

— prophylactic, 232 

— sensitised, 232 

— standardisation of, 230 

— therapeutic, 230 

— (also under individual or¬ 
ganisms) 

Anthrax, 271 
Cholera, 40)1 
Plague, 410 
Typhoid, 387 
Vaccinia, 582 
Vaccinia, 57!* 

Vaginal organisms, 002 
VanJOrmengcui's flagella stain, 
111 * 

Variola, 57!» 

Vibrio, definition of, 17, 158 

— cholera, 4 oi 

— Berolinenais, -MU 

— Dannbiem, 405 

— Deneke, 474 

— El Tor, 405 


Vibrio, Eluers, Mil 
- Kinkier, 173 
— Ivunofl, M>4 
; — Massowah, 101, Mil 
t — Metrliiiikiici. 172 * 

— Snnnrclli, Hi3 
Vibrios of mouth, 171 
Vincent's angina. 311 
. Virulence to increase, 120 
I Visibility, limit of. 117 
Vitality of cultures, 120 
, Voges-Proskauer reaction, llo 
Volvox, 510 
Vorlicclla, 530 

W \KNKltM.\NN react ion. 530 
Water, bacteriology o|. 0o3 

— mnnlxu ot organisms in. Ool 

— effect of sand tiltialion. f8Hi 

— cflocl of sedinieutat ion. OOli 
effect of storage, Olll 

— bacteriological aualvsis of, 
0<l!l 

— }>at liogetiie oig.inisins in. 025 

- colon bacillus in. 0113. 013. 023 
comma bacillus in. 101,032 
sterilisation of. 033 
-- sterilisers. 033 

typhoid bacillus in. 3.10. 025 
Watercress, examination (tar, 
Weigert's law. 102 
met hod, loti, 115 
Weights ami measure-, OK.", 

Whooping-cough, llo. Ill 
Widal reaction. I!I5. MIS, 370.iltlil 
Wooden tongue, 170 
Wisd-sorter's illsease, 271 
Wright's capsule. 221 

Xkkokis bacillus, 311 

Yaws, 521 
Yeasts, 0, 187 

— - anah sis of, lill 

— isolation, 11*3 

— of fermentation, 102 

— pathogenic, 188 
Yellow fever, 3111, 570 

/.ikiii.-Xkki.kkx solution, I<i2 
Zinc chloride, 078 
Zisighen, IO 
/.vgosjsire. M*!l 
Zygote, 5Mi 
Zy Biolysis, 35 
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A Treatise on Human Anatomy. I5y various Authors. 

Kdited by Sir Hurt Morris, Bart,, M.A., F.R.C.6., President of the 
Royal College of Surgeons, England; and J. Purnii McMvsricb, A.M., 
Pb.D., Professor of Anatomy, University of Toronto. Fourth Edition. 
With 1026 Engravings, of which ,110 are printed in 3 or 4 colours. 30s. net. 
Also issued in 5 parts. Parts I, II, and III, 8a. net each; and Parts IV and 
V, 5s. net each. ( 

Anatomical Terminology, with Special Reference to 

tlio B.N.A. By I.i.kwei.lth F. Barixr, M S)., Professor of Medicine, 
Johns Hopkins University, Baltimore. With Illustrations and 2 Coloured 
Plates. 5a. net. 

A Manual of Practical Anatomy. By the late Professor 

Ai.raxn W. Huohxm, M.B., M.C.Kdin., Professor of Anatomy King's 
College, London. Edited and completed by A bthcr Kritb, M.D., Lecturer 
on Anatomy, London Hospital Medical College. In three parts. 29a. 8d. 

Heath's Practical Anatomy: a Manual of Dissec¬ 
tions. Edited by J. Kkhv.nt Labe, F.R.C.8., 8nrgeon and Lecturer on 
Anatomy at St. Mary's Hospital. Ninth Edition. 321 Engravings, of 
which 32 are coloured. 12a, Ort. * 

Clinical Applied Anatomy; or. The Anatomy of 

Medicine Hurt Snrgerv. By Chaui.eh R. Box, M.D., F.R.G\P.Lond., 
Physician to Out-patients, St. Thomas's Hospital, and W. Me Adam 
Kcolkh, M.S.Lond., F.R.U.8 Kng., Assistant Surgeon, Bartholomew’s 
Hospital, Illustrated by 46 Plates. 12s.6d.net. * 

Essentials of Surface Anatomy. By Charles B. 

Whittaxxr, F.R.C.S., L.R.t’.P., etc., Demonstrator of Anatomy, Sur¬ 
geons' Hall, Edinburgh. 2». Od. net. 

Text-Book of Anatomy for Nurses. By Elizabeth 

R. Bumpy, M.D. With a Glossary and 101 Illustrations. 7a. Od. net. 

Human Osteology. By Luther Holden. Eighth 

Edition. Edited hr Chari,*. Stewart, F.R.S., Conservator of the 
Mnaenm n.C.S.. and Rohkkt W. Ram. M.D., F.R.C.S., Regius Professor 
of Anatomy iu the University of Aberdeen. 69 Lithographic Plates and 
74 Engravings. 10a. Landmarks, Medical and Surgical, Fourth 
edition. 3a. td. 

Elements of Human Physiology. By Ernest H. 

Starmbo, M.D., F.R.C.P., F.R.S.. Jodrell Profeaaor of Physiology in 
University College, London. Eighth Edition. 323 Illustrations. 
12a. M. net. 

A Course of Experimental Physiology. With an 

Introduction by Prof. E. H. Starling, F.R.S. By N. H Aixocr, M.D., 
and F. O'Brirs Ei.i.ihox, M.D., B A.O.Dub., Physiological Department, 
St. Mary's Hospital. With 30 lllnMratinn*. 5a. net. 

Practical Physiological Chemistry. By Philip B. 

Hawk, M.8.. Ph.D., Profe.sor of Physiological Chomistiy In the Uni¬ 
versity of Illinois. Second Edition. With Uolonred Plates and 120 Figures. 
10a. net. . e. 

The Cell as the Unit of Life, and other Lectures, 

Delivered At the Royal Institution, London, 1899-1902. An Introduction 
to Biology. By the Into Alt.am Macfadteji, M.D., B.8c., 

Professor of Physiology, Royal Institntion, London. Edited by R. 
Tavmeb Hewlett, M.D., F.R.C.P. 7t . fld. net. 

The Functional inertia of Living Matter: a Contri¬ 
bution to the Physiological Theory of Life By Datib Frasri Harri s, 
M.D..O M , B.8o.(Lond.) .F.R.S.E.. Phyeiological Department, University 
, of Birmingham. 12 IHostrations. 5a. net. 
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A Text-Book of Materia Medica. By C. K. Marshall, 

M.D., Professor of Materia Mcilicn ami Theraiauiiics in tlie I'niversity 
of St. Andrews. 127 Illustrations. 10.. iW/. net. A Manual of Pre¬ 
scribing for Studenta and Practitioners of Medicine. t». net 

Materia Medica, Pharmacy, Pharmacology, and 

Therapeutics. By W. Hat.f White, M.D., F.R.C 1*., Physician to, en«l 
Lecturer on Medicine at, Guy'* Hom|hih 1. Eleventh Edition. Hr. iW. net 

Southall’s Organic Materia Medica. By J. Baholay, 

B.Sc.Lond. Seventh Edition reviK’d hv KBSiRr W. 7r flrf. net. 

A Text-Book of Materia Medica. By Hknuy (1. 

Gattixian, F.J.C., F.L.S., Professor of I'hiiniiBreiities in the I'hanna- 
ceutical Society. Second Edition. 2HW IIIiimihiioiih. IS* The 

Microscopical Examination of Foods and Drugs. I'*' nil m 
]0«. Art. net. An Anatomical Atlas ol Vegetable Powders. Ms 
Illustrations. 12.. Orf. net. 

Practical Pharmacy. Bv E. W. Lik-as, V. KC.S. 

Second edition. 221 lIliiHlrntiniiH. 12*. »W net 
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Edition by J. Omibaw BsAtTHWAiri. «■ , 

by Jauis BAxxr, F.C.8. 7». M net. . - 

Year. Book of Pharmacy : containing the Trana- 

the British Pham-cereal fonferenee. Annually,!«.. net. 


j. & A. CHURCHILL 



-- o 


Hygiepe Bacteriology 


t • 

The Theory and Practice of Hygiene. (Notter and 

Firth.) By R. II. Firth, Lt.-Col. R.A.M.O., F.R.C.S., Ottlcer in Charge 
of the School of Army Sanitation, Aldershot. Third Kdition. 22 Plates 
(homo of which are in colours) and 200 other Illustrations. 2la. net. 


By the same Author. 

Military Hygiene. A Manual of Sanitation for 

Boldiers. With 40 Ulntdration*. 3». Od. net. 

Manual of Hygiene. By W. H. Hamer, M.D., D.P.H., 

F.H.C.P., Lecturer on Public Health, St. Bartholomew's Hospital, 
Assistant Modlcnl Ottlcer of Health of the Administrative County of 
London. 03 Illustrations. 12.. 0</. net 

A Handbook of Hygiene and Sanitary Science. By 

G*o. Winnow, M.A., M.D., LL.D., D.P.If.Oamh. Medical OtHccr of 
Hoaltli for Mid-Wnrwicknlnro. Kiffhth Kdition. Illustrated. 12a. 0rf 4 

Lessons on Elementary Hygiene and Sanitation, 

with Hiiecinl Reference to the Tropics. By W. T. Prout, C.M.G., M.B., 
C‘.M.(Kditi.), Hon. Lecturer School of Tropical Medicine, Liverpool. 
Second Kdition. With (Ml Illustrations. 2a. (k/. net. ^ 

The Effects of Borax add Boric Acid on the Humiyi 

System. Third Treatise. With Diagrams. By Hr. Oscar Lubreich. 

5a. net. • ^ 

A Simple Method of Water Analysis. By John C. 

Tiihksk,M.D.V ic., P.Sc.Lond., lJ.IMl.Camb. Sixth Kdition. 2a.0d.net. 

By the same Author. 

The Examination of Waters and Water Supplies. 

11) Plates and 11 Figures in the Text- 14a. net. 

Also, with Arthur E. Porter, M.D., M.A.Cantab. 

Preservatives in Food and Food Examination.. 

8 Plate*. 14.. net. 

Foods and their Adulteration. By Harvey W. 
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21a. net. 

A Manual of Bacteriology, Clinical and Applied. 

By R. Txsbku IUwi.ktt, M.J1., Professor of General Pathology and 
Bacteriology in King's College, London. Third Edition. 24 Plates and 
73 Figures in the Text. 10.. fid. net. 

By the same Author. 0 

Serum Therapy, Bacterial Therapeutics, and 

Vaeeinea. 30 Figures. Sr. net. cu ; 

Clinical Diagnostic Bacteriology, including Serum- . 

and Cyto-diagnosis. By Alfred C. Coi.ics, M.D., D.Sc. t F.R.S.E. > 
2 Coloured Plates. 9a. net. ^ 

Lessons in Disinfection and Sterilisation. By F. W. ; 

AgDBBWiR, M.D.. F.R.CJ'., Lecturer on Pathology, St. Bartholomew’s 
Hospital. Second Edition. 31 Illustrations. 3>. M. net. ' 
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Pathology, General and Special, for Students of 

Medicine. By R. Tasks Hkwi.iit, M.D., F.B.l’.P., p.P.ll., Professor 
of General Pathology »ml Bacteriology in Kind's rollegc, I-omlon. SI 
Platesand 13 Illustrations in Text. Second Kiluum. 10,. (W. net. 

A Manual of General or Experimental Pathology. 

By W. B. Laaakoh-Bahi.ow, M.l>., F.IU'.l*.. Director of tlic (.'sneer 
Research laboratories, Middlesex Hospital. Second Kdilnm. 21,. net. 

By the same Author. 

The Elements of Pathological Anatomy and Histo- 

loffy for Student*. 7 Coloured PlntcK Mini 171 Figure** in uu» rcxl. 
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A Text-Book of Medicine. Begun by the late C. 

Hilton Fasoi, M.D.; completed and re-written by P. H. Pyx-Smith, 
M.D., F.H.8. Fourth Edition, t vole. 4 it. 

Manual of the Practice of Medicine. By Frederick 

Tatloh, M.D.. F.R.C.P., Consulting Physician to, and Lecturer on 
Medicine at, Guy's Hospital. Eighth Edition. H Skiagram Plates and 
46 Illustrations. Kb. net. Some Disorder^ of the Spleen. 3». net. 

A Short Practice of Medicine. By Bobkkt A. 

Flimiho, M.A., M.D., F.li.C.P.K, F.H.H.K, Lecturer on Practice of 
Medicine, School of the Royal Colleges, Edinburgh; Assistant Physician, 
Boyal Infirmary, Edinburgh. 40 iluietnitioiiB (10Coloured;. 10*. thf. net. 

The Practice of Medicine. By M. Chartkris, M.D., 

Professor of Therapeutics and Materia Medica in the University of 
Glasgow. Ninth Edition. Edited by F. J, CBABrxais, M.D., Ch.B. 
Illustrated. U*. (Id. net. 

A Medical Vademecum, in German and English. 

By B. Llwh. With a I'rofacc by Prof. Ur. A. Politxkk. • 15s. uet. * 

Student’s Guide to Medical Diagnosis. By SamuA 

Fxkwiok, M.D., F.R.C.P., aud W. Soltau Pickwick, M.D., B.S. Ninth 
Edition. 1311 Engravings. U«. 

A Dictionary of Medical Treatment for Students and 

Junior Practitioner*, H.v Akiiiuh Litiiam, M.D.Oxon., F.H.C.l'.Jiond., 
Physicialfaiid Lecturer on Medicine at St. Ueorge’s Hospital. 0*. Of/. net. 

Text-Book of Medical Treatment (Diseases and 

Symptoms). HyNiNroK I. C. Tikamd, M.D., F.R.U.P., Professor of the 
Principles aikI Practice of Modiciuo, King’s Uolloge, Loudon. 16 a. 


' A Manual of Family Medicine and Hygiene for 

India. Published under tho Autliority of the Government or India. By 
Sir William J. Mookk, K.C.I.E., ll.D. Seventh Edition revised by Major 
' J. U. Till Walsh, l.M.S. 70 Engravings. (1*. net. 

i Warlng’s Bazaar Medicines of India. Bv Lt.-Col. 

- C. 1*. Llkis, I.M.S., Principal of tho Medical College, Calcutta. Sixth 

v Edition, 0 *. uet 


The Blood: how to Examine and 

Diseases. By Alikaii C. Coi.ks, M.D., D.Se., 
Edition. 7 Coloured Plates. 10*. tkf. net. 
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F.R.S.Edm. Third 

Lectures on Medicine to Nurses. By Herbert £. 

Cuff, M.D., F.R.U.S., late Medical Superintendent, Worth-Eastern Fever 
Hospital, London. Fifth Edition. zu Illustrations. Off. uet. 
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Ulcer of the Stomach and Duodenum. Bv Samuel 

Fmrwtci, M.D., F.R.C.P., ami W. Soi.r.v Femwici, m'.D., B.8. Ss 
Illustrations. 10». Orf. 


By the same Authors. 

Cancer and other Tumours of the Stomach. 70 

Illustrations. 10». Orf. 

On Carbohydrate Metabolism, with an Appendix on 

the Assimilation of CarlioliTrfmte into I'rotcnl nri>l Ksl, follow erf l»y tl»> 
^ Fundamental Principles and the Troulmeni ol Dmk'tos rfisleriirslly 
discussed. By Frederick W. P.vy, M.D., F.ll S„ F.II.P.P., I'oii- 

sulting Physician to Gay's Hospital. Willi s Plates Homy Hio, <),. net 

The Schott Methods of the Treatment of Chronic 

Diseases of the Heart, with an account of tin* XnuImmui linilm, ami of tin* 
Therapeutic Exercises. By W. JIrzi.v Tiioknk, M.ll.C.lV Kiflli 

Edition. Illustrated. 5a. net. 


The Clinidal Examination of Urine, with an Atlas 

1 * of Urinary Deposits. By Liani.sr Bcoi i, M A., Sl.l> II original Plate, 
(mostly in colours). 15« net. 

Urine 'Examination made easy: a Method of 

Examining Urine, with the common Tent* fully iIcschInmI By Tuomak 
Carhutherh, M.B., C"h.II. la. 6r/. net. 

Rational Organotherapy, with Reference to Urose- 

miology. Translateil from tin* HushMii Text l»\ l*rofeio»or l)r. A. ton 
Pokhl, Professor Prince J. vox Tahuiaxoh, Dr. Ai.r ton I’oriil, ami 
Dr. P. Wachs. Vol. I. Hvo. 7a. Ik/. net. 

On Gallstones, or Cholelithiasis. By E. M. Hkockhank, 

M.D.Vict., M.R.C.P.Lonrf., Honorary PIijskmii to the Ant-oat* Hospital, 
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Obstinate Hiccough: the Physiology, Pathology, 

and Treatment, based on a collection of over I5 mcji«**h fnitu Britiah nml 
Foreign Works. By L F. B. KiftTMHXJf, M.D.Kdin. «*. 

On Syphonage and" Hydraulic Pressure in the l.arge 

Inbestine, with their Bearing upon the Treatment of <’oniti|HiUon, 
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Uric acid as a Factor in the Causation of Disease. 

By Alix.sdis H»io. M.D., F.BC.P. Physician to the Metropolitan 
Hospital and the Hoyal Hospital for Children and Bomen. Seventh 
Edition. 75 Illustrations, linnet. Uric Acid In the Clinic. A 
Clinical ApAendla to “ Uric Add a. a Factor In the Causation of 
Disease." 5s.net Uric Add, on Epitome ol the Sublecl. Second 
Edition, ti. erf. net. Diet and Food considered In relatlIon to 
Strength and Power of Endurance, Training, and Athletic*. Sixth 
Edition. 2 a. net. 
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Surgery 

( ___ , _ __ 


S c* 

The Practice ol Surgery. By W. G. Spencer, M.S., 

* F.R.C.B., Surgeon nml Lecturer nn Surgery, Westminster Hospital, ami 

U. E. Gabs, F.R.C.S., Assistant Surgeon anil Demonstrator of Practical 
Surgery, St. Bartholomew's Hospital. 28 Skiagiam Plates. 20 Colour 
( Plates. 7t)7 Text-figures. 22*. net. 

| Surgical Pathology and Morbid Anatomy. By 

j Abtbomy A. Bowlbt, F.R.C.6., Surgeon to St, Bartholomew’s Hospital, 

}. assisted by F. W. Axosxwxs, H.D., Lecturer on Pathology, St. Bartholo- 

( mew's Hospital. Fifth Edition. 198 Engravings. 10*. 84. net. 

t A Manual of Surgical Diagnosis. By James Bebbt, 

( H.S.I.oud., F.R.C.8., Surgeon to, and Lecturer on Burger}’ at, the Royal 

( Free Hospital. 0*. net. 

‘ A Synopsis of Surgery. By R. F. Tobin. F.R.C.S.I., 

( Surgeon to St. Vincent's HoNpital, Dublin. Second Edition. Inter* 

/ leaved, leather binding. Of. Orf. 


Ovariotomy and Abdominal Surgery. By Habbison 

Cripph, F. K.C.S., Surgical Staff, St. Bartholomew's Hobjwtal. Numerous 
Platon. s»6n. 

By the same Author. * 

On Diseases of the Rectum and Anus, including 


the Fiftli Edition of the Jackbonian Pme Kwny on t’aucer. 
Edition. With 13 Plates find 31 IllUbtratioiiH. IDs. flrf. net. 

Also 


Third 


Cancer of the Rectum, especially considered with 

regard to its Surgical Treatment. Jacksonian IVixe Essay. Fifth Edition. 
With 13 Plates and bcventl F.ngmvings. 6s. net. 

Diseases of the Rectum, Anus, and Sigmoid Colon. 

By F. Siwniokd Ki>waki>n, F.R.C.S., Senior Surgeon to St. Mark's 
Hospital for Fistula and other Hipchbcm of the Rectum. Third Edition. 
102 illustrations. 10s. M. net. 

A Manual of Minor Surgery and Bandaging. 

Fourteenth Edition of Heath’s. By Bii.iom Poi.lahd, F.B.C.B., burgeon 
to University College Hospital. 260 Engravings. 7a. Or/, net. 

Injuries and Diseases of the Jaws. By Christopher 

Hiaib, F.R.C.8. Fourth Edition. Edited by Hkhky Pimi Dxav, 
M.S., F.H.C.8., Assists lit Surgeon to the London Hoxpiul. ~87 Wood 
EngntvingB. It*. 

By the same Author. * 

Clinical Lectures on Surgical Subjects delivered at 

University College Hospital. First Series, 8*.; SeconfJ Series, 8*. 

An Essay on the Qeneral Principles of the Treat¬ 
ment of Spinal Curvatures, By R. Hiathxb Bigo, F.B.C.8.Edin. 
Illustrated by Photographs and Sketches. B*. net. 
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Surgery Anaesthetics 


The Operations of Surgery. By W. H. A. Jacobson. 

M.Ch.Oxon.. F.R.C.8., Foimulting Burgeon Guy'a Hnapital, mid R. p. 
Rowunbs, M.S.Lond., F.R.U.8., Abaiaiam Suriroon and Surgeon m the 
Orthopaedic Department, Guy's Hospital. Fifth Kdition. 2 vols. 777 
Illostrations. 42*. net. 


Abdominal Pam: its Causes and Clinical Signifi¬ 
cance. By Ai.tKKD KHifksr XUvi.ooi, M.ll.l.iiml. hi,. I U.S., Senior 
Burgeon to the Victoria Infirmary, Ulnsgow. Sci-und ... 7 ., ilrf. no(. 


By the same Author. 

\ 

Abdominal Tuberculosis. 57 Illustrations. I2*<:</. m-t. 


Clinical Essays and Lectures. By Howard Marsh, 

F.H.C.S.f Protestor of Surgery in il»o I'mverMiv ul * iiiiilmdge, late 
Surgeon to St. Bartholomew 'a llonpiinl. 2 U illiiMmimiiK h. tw. 

Hare-*ip and Cleft Palate. By K. W. Mikhay, 

F.R.U.S., Burgeon, David IiCuih Noriheiu lluhpitiil, hilt Mngrnn, Liver¬ 
pool Infirmary tor Children. 25 IllmaruiioiiN. i*. 

By the same Author. 

Hernia, its Cause and Treatment. 27 Illustrations. 

4*. (W. net. 


Modern Bullet-Wounds and Modern Treatment, 

with Special Regard to Long Hour** and JoiiiIn, Field Appliance* and 
First Aid. Part of the Alexander htMiy for IVM. Hi Major F. Bmiih, 
D.8.O., R.A.M.C. net. 


Surgical Emergencies: together with the Emer- 

gwiciea attendant on Fartiiniion ami the Trent moot of l'oisoimig. By 
jduL Bwaiv, F.R.C.B.. Burgeon to the South Devon mid hn.t t urnwall 
Hospital. Fifth Edition. lttf Engravings, in. 


Chloroform^ a Manual for Students and Practi- 

> uonera. By Eowa.ii Lawuii, Jf.B.Eilm., Lieut.-C'ol. Residency 

Bnrgeon, Hyderabad, lllnstrated. it. net. 

\ 

\ 

6 


■ J .Sc A. CHURCHILL 


o 



o 




o 


\ Neurology * Urinary Disorders 

> * 

« A Text-Book of Nervous Diseases. By W. Aldren 

Tvkitbb, M.D., F.R.C.P., Physician and Lecturer on Neurology, King's 

> College Hospital; and T. Gkainqeb SrtWAHr, M.H., M.R.C.P., Assistant 

/ Physician, National Hospital for Paralysoil and Epileptic. With 18s 

Illustrations. 18 a. net. 

\ Paralysis and other Nervous Diseases in Childhood * 

and Early Life. By Jah is Tatlob, M.D., F.B.C.P., Physician, National 
{ Hospital for Paralysed and Epileptic, Queen Square. 74 Illustrations, 

/ lit. 6d. net. 

A Manual of Diseases of the Nervous System. 

J By Sib Wili.uk R. Gowkbh, M.D., F.R.3. 

> Vol. I. —Nerves and Spinal Cord. Third Edition, by 

, the Author and Jakbs Tai-lou, M.D.. F.R.C.P. 182 Engravings. ISa. 

, By the same Author. 

Subjective Sensations of Sight and Sound, Abio- 

\ trophy, and other Lectures on Disease* of the Nervous System. 18 Ulus- 

< tratioiiH. Os. net. 

Also 

i Epilepsy and Other Chronic Convulsive 'Diseases: 

their Causes, Symptoms, and Treatment. Second Edition. 10>. 9 i. » 

Also 

The Borderland of Epilepsy, Faints, Vagal Attacks, 

Vertigo, Migraine, Bleep Symptom*, and their Treatment. 4a. Orf. net. 

Text-Book of Nervous Diseases and Psychiatry. 

lly Ciivui.ks L. Dan v, A.M., M.D.; LL.D., Professor of Nervous 
Disease* in Cornell Cm verm ty Medical College. Seventh Edition. 

1 With J Plates and 201 Te\t-tlgiire*. 2.'x. Tiot. 

Selected Papers on Stone, Prostate, and other 

Urinary Disorder*. By Kkginai.d Hakkihon, F.H.C.S., Surgeon to St. 
Peter’* Hospital. 16 Illustration*. 6s. 

By E. HiKKr Fenwick, F.R.C.S., Surgeon to tho London Hospital. 

A Handbook of Clinical Cystoscopy. 31 Plates and 

141 Figures in the Text. (Aepruit *«</). 

Atlas of Electric Cystoscopy. 34 Coloured Plates. 

2D. net. 

The Value of Radiography in the Diagnosis and 

Treatment of Urinary Stone. With 80 Plate*. 10*.(bf.net. ( 

Obscure Diseases of the Urethra. (33 Illustrations. 

6a. Orf. • 

Operative and Inoperative Tumours of the Urinary 

Bladder : a Clinical and Operative Study based on 600 case*. 89 IUus- 
trations. 6s. net. , 

\ Tumours of the Urinary Bladder. Fas. i. 5s. net. 

^ Ulceration of the Bladder, Simple, Tuberculous, and ' 

^ Malignant: a Clinical 8tuilr. Illustrated. 6 a. ^ 
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Midwifery a Gynaecology 
Medical Jurisprudence 


The Practice of Midwifery. By Alfred L. Gai.abin. 

M.A., M.D., F.R.C.P., Consulting Obstetric Physician to Guy's Hospital, 
au<l G. F. Br, acker, M.D.. F.U.C.S., Obstetric Physician to l!ntu>rMt,\ 
College Hospital. Seventh Edition. .VM Engravings. Hp. net. 

Manual of Midwifery. By T. W. Eden, M.D., 

C.M.Kdin., F.R.C.P.Lond., Obstetric i*lij sician and Lecture* mi Practical 
Midwifery, Charing Cross Hospital. Second Edition. U Plates and 2»l 
Illustrations m the Text. 12*. tb/. net. 


A Short Practice of Midwifery, embodying the 

Treatment adopted inthcRotuudu Hospital, Ihihlm. hy IIinki Jiu.ru, 
M.D., B.A.O.Dub., King's Professor of Midwifery, Trinit\ College. 
Dublin. Fifth Edition. i Cohaned Flutes und 2‘H Illustration*. 
10*. iSd. not. 

By the same Author. 

A Short Practice of Midwifery for Nurses, with a 

Glossary of the Medicnl Terms Used in the Hook und the Ui-gulatinfi* 
of the C.M.B. Thinl Edition. I Colmued Plate* nml nil lliiistmtions. 
0#. 3 d. lift. 

/C Manual for Midwives. By (.' J. N. Lon^kiixjk, 

M.D., M.R.v’.P., F.R.C.S., K\iitiiiner Cent ml Midwivi 1 -' lloani. i I’laics 
ancr 17 Illustrations. 3*. (b/. net. 


A Short Manual for Monthly Nurses. By Charles 


J. Cct.i.niowoitrii, M.D., F.U.C.P., Oh*U'ti:> 
Hospital. Sixth Edition. 1/. <W. net. 


h\M( mn to St. Thomas's 


A Text-Book of Embryology. By K. K. Baii,kv. 

A M., M lb. Adjunct Prufc**oi of Hi*to|ni>\ ami Kmbr\olog\, College ol 
Physicians und Surgeons, Columbia Cmver-iix . and A. M Mu • mi, A.M., 
Instructor hi Histology and Kinbi \ nlogi, ( '.liege «.f Physician* ami 
Burgeons, Columbia L'imcr-it,\ Wnh 315 lllnstialmn* 21*. nil. 

A Short Practice of Gynaecology. By H kskv J eli.ktt, 

M.D., B.A.O.Dub., Kiiiif s I'rufi^-or ,,r Midwibiv. Tnnilt «■..II.-k. . 
Dublin. Tbinl Kilition. 31 " Illu-lmtioii- l-nmo col,•■■■•••I i. Hr n>l. i.i-i 

Outlines of Gynecological Pathology and Morbid 

Anatomy. By C. Hibfkt Hobluts, M.D.Loml., IMi.xsuian to tin- Samar¬ 
itan Free Hospital for Women. 131 Illu*trations. 581*. 

A Lecture on Dysmenorrhaea. By I*. A. Oiiiikinh, 

MJ)„ F.R.C.S.E., Pb>-noun to the bi'i"ri."i B i-iuml f"i "‘"‘"'i. 2 . 

Lectures on Medical Jurisprudence and Toxicology. 

By F»d. J. Smith, M.D.. F.H.C.K, Fit C.H.K.ui M.ynii-tai. to, aujl 
Lecturer on, Forenmc Medicine uud Timici.bif.v nt the London Ho.|ilul. 
Second Edjpon. h*. <W. net. 

Medical Jurisprudence: its Principles and Practice. 

By AuilD S. Tati.oh, M.D., F.B.f.P.. F.H.S. Fifth F..lition. by >M». 


By--- 

J. Smith, M.D., F.R.C.P., Lecturer on »oren»i< 
Hoepital. 2 vol*. 3U Enemviiun*. fM*. net. 
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, Ophthalmology 

L _ _ _ ^ 

( 

> 

) Medical Ophthalmoscopy: a Manual and Atlas. 

; By Sir William H. Oowkkh, AI.D., F.B.C.P., F.R.S. Fourth Giiitiou. 

! Edited with the assistance of Maiiccs Ulk.t, M.U., F.K.C.S., Surgeon to 

i the Royal London Ophthalmic Hospital. Autotype Pistes und Woodcuts. 

11*. net. 

( 

Manual of Ophthalmic Surgery and Medicine. By 

i W. H. H. Jlshop, M.A., F.R.O.S., Senior Ophthalmic Surgeon to St. 

Bartholomew's Hospital. Second Edition. « 1’latcs mid 156 other 
1 Illustrations. U*. (Id. net. 


Refraction of the Eye: a Manual for Students. 

lly Uusi'avus lltmuiDOK, F.K.C.H., Surgeon to the Royal Westminster 
Ophthalmic Hospital. Fourteenth Edition. 100 Illustrations, also. Test* 
tyiies, etc. 6*. not. 


By the same Author. } 

The Ophthalmoscope: a Manual for StudentA. 

FiTth Edition. 08 UliiHt rut ions Mud 4rime*. ln.net. 

* Q 

Diseases of the Eye: a Manual for Students and 

lYiictitinner*. By J. It huntin' I’ahsonm, i>.8c. p M.K., H.S., F.H.C.S., 
AwuMtant Ophthalmic Surgeon, Uuivernity College Hospital; Assistant 
Surgeon, Royal London (Moorhelds) Oplitlinliuic Hospital. an8 llhit-tra- 
tions and 15 IMntCH. JO*. ikf. net. 


By the same Author. 

Elementary Ophthalmic Optics, including Ophthal- 

nnmeopy and Helinoseopy. 00 lllurttmlioiiH. Os. M. 


Sight-Testing Made Easy, including Chapter on 

ReLinosoopy. Jly \V. \V. Hiunwickh, M.D., M.It.t'.P., late Hon. 
Physician, Molosey nlid Hampton Cuuit Cottage Hospital. Second 
Edit urn. 12 Engraving*. 2s. Urf. net. 


Royal London Ophthalmic Hospital Reports. By the 

Medical and Surgical SUIT. Vol. XVJli, 1*8111. 6*. net. 


Ophthalmological Society of the United Kingdom. 

Transactions. Vol. XXIX. lz*. (M. net. Also in three Fasciculi at 
4*. net. each. 
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Otology * Paediatrics a Dentistry 


The Labyrinth of Animals, including Mammals, 

WBa’ KH" 1 ! Ampl.ibmii, Bv Ai.bi sr A. »;«*,. M D.itil.s.l, 
S |!T, ,,f tl “' t'"’ '■* "'<■ Vuu.ir.u luflrmart. 

Glasgow. Vol I with Jl Stereoscopic l*lole». 21,. h,m 
S tereoscope). \ol. II. 15 StereoscopicJ’I hic*. 25,. lift. 

Some Points in the Surgical Anatomy of the 

Temporal Bono from Birth to A.luli Life. Bv Annin. II. t'n 
J.K.L.S., Anral Surgeon to King's College llospnnl. ||2 lllnstnitioiis 
on, net. 

Diseases of the Ear. Bv T. Mark IIovkm.. Senior 

Aural Surgeon to the Jiondon 11 o««|>iIh1 v mul bertinvr mi Pim>hhch of the 
Throat m the College. Second Edition. I2> Kin'nii ihl>. 21*. 

The Diseases of Children. Bv Jamks !<’. Uoodhart. 

M.D. t F.R.C.P., and G. F. Sum., M.D., F.H.r.P.. pi..|in-oi ,.| the 
Dihoiisoh of Children. Kift^'t* Colletfe. Ninth Kuuinn. .11 Illu^fi mii. m*. 
16*. net. 

The Wasting Diseases of Infants and Children. Bv 

Bl'iitace Suith, JI.15., F.R.C.l*. Nittli l-Minmi. 

On the Natural and Artificial Methods of Feeding 

Infants mill Ynunjr Children. By KhMixo Ctinn, U.D., I’litMnnn in 
the Uel^rato Hospital for Chihlicii. Kerciud Edition 7s. «W. 

Your Child’s Health. Medical Notes for Mothers 

Mid Toil eher*. School Nurses and llfidtli \ mi<>o. Iu .Ioiix (iiu\Mit w, 
M.D., It.S (Loud.). 2s. CW. mt. Health lalks about Children. 
1 j>. not. Kye Strain and Byesight. I*, net 

. Dental Anatomy, Human and Comparative: a 

Manual. Ily Chaki.ks S. Tomis, M A., F.ll>. Sixth Edition. 2 Hi\ 
EiiRTi»viiiL r H. 12s. lid. net. 

By the same Author. 

A System of Dental Surgery, llv Sir John Tomkh. 

F.R.8. Revised by C. 8. lo«»s M.\. t F.ll S , runl Wii.iru S. 
Nowell, M.A.Oxon. Fifth Edition. His Kntrnu iii^s. 1 •*> in*t. 

Practical Treatise on Mechanical Dentistry. Bv 

Joheph RiCHAKTisoa, M.D.. n.n.S. Hnwntli Lditioi., r» \im-i| and prilled 
by Gkohok W. WAiiirx, P.P S. r.i*> Kiiuthmul'*. 21 *. 

An Atlas of Dental Extractions, with Notes on the 

Cause* and Relief of Dental Pam. Hv C. Knwo,i* \Y*niv, M.H f‘ M., 
L.R.C.P., L P.8., Assistant Dentai Surgeon, Km;' - I'ollein* IlorpitaL 
Witti 11 Plates, :t*. iw/. net. 

Decajf in Teeth: an Investigation into its Cause 

an* Prevention. By J. 8 im Wallack, M.l>„ P.Sc.. L.P.KK.C.H. bccond 
Edition. 6*. 

A Manual of Dental Metallurgy. By Ernkkt A. Smith, 

Assay Sheffield. Hcroud Edition. .Ti I Ihnri ration*. 0#. lid. 

Dental Materia Medfca, Pharmacology and Thera- 

K utlc.. By C.mtH IV. f» T.V''isnro*, M.R.C.H., L.Ll.S.Eilln.; Senior 
intal Surgeon, Westminster Hospital. B». 
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Tropical Diseases * Dermatology 


file Malarial Fevers, Hcemcglobinuric Fever and 

Blood Protozoa of Man. By C«mi« F. Cbaig, M.D., Captain U.B. 
Army. With 4 Coloured Plates and numerous Charts and Drawings. 
SO,, net. 

Waring > Bazaar Medicines of India. See page 6. 
The Malarial Fevers of British Malaya. By 

Hamikto* W sight, M.D. (McGu.i ), Director of the Institute for Medical 
Research, Federated Malay States. Map and Charts. 3,. net. The 
etiology an* Pathology of Berl Berl. With Map and Charts. 3*. net. 

Studies from Institute for Medical Research, 

Federated Malay States. Vol. III. 10,. net. 

Report on the Prevention of Malaria in Mauritius. 

By Ronald Rohh, D.F.H., F.R.C.R., F.R.8., Profe^or of Tropical 
Medicine, University of Liverpool. With 25 lllustmtioDg.- 5s. net. 

On the Cduses and Continuance of Plague in Hong 

Kong. By W. J. SiMMoir, M.D., F.R.C.P. Numerous Cherts and ' 
Diagrams 10 «. net. Report on Plague In the dold Coaet In in). 
Illustrated. 3,. net. 

On the Outbreak of Yellow Fever in British Honduras 

in 100S. By Sir Rdbirt Bores, M.B., F.R.8. 3,. fid. net. 


A Handbook on Leprosy. By S. P. Impet, M.D., late 

8npt„ Rohben Island Doper Asylum, Cape Colony. 38 Plates, 13,. 

A Manual of Diseases of the Skin, with an Analysis 

of 20,000 Consecutive Cases and a Formulary. By Dcvca* E. Bccelxt, 
M.D., New York. Fourth Edition. 8«. fid. 

Skin Diseases of Children. By Geo. H. Fox, M.D., 

Clinical Professor of Diseases of the Skin, College of Physicians and 
Surgeons, New York. 12,. fid. 

On Maternal Syphilis, including the Presence and 

Recognition of Syphilitic Pelvic Disease in Women. By Job* A. Shaw- 
Mack. sin, M.D. Coloured Plates. 10,. fid. 

The Diagnosis and Treatment of Syphilis. By Tom 

* Roenrson, M.D.St. And., Physician to the Western Skin ^capital. 
Second Edition. 3«. fid. t- 

By the same Author. 

The Diagnosis and Treatment of Eczema. Second 

Edition. 3*. fid. , 

Ringworm, and some other Scalp Affections: their 

Cause and Cure. By Hatmt B.omr, L.R.C.P.Ed. fit. , 
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Chemistry * Physics 


The Elements of,Chemistry. By M. M. Patti son Muti, 

If .A. Illustrated. 10s. flrf. net. 

The Analyst’s Laboratory Companion: a Collection 

» of Tables nod Data for Chemists and Students. By Ai.mro E. Josasoa. 
B.Sc., F.I.C. Third Edition. 6s. M. net. 

Commercial Organic Analysis: a Treatise on the 

Properties, Modes of Assaying-, Proximate Analytical Examination, otc., 
of the varions Organic Chemicals and Products employed in the Art*, 
Manufactures, Medicine, etc. By Alfred H. Ali.kn, F.I.C. Fourth 
Edition, in 8 volume*. Edited l»y IUxkt Lm-'miin*. M.A.. M II., him! 
W. A. Davi*, B.8e., A C.G.I. Volume* 1. 2, and .1Tenth . air. net each 
[Prospectus on application.] 

Volumetric Analysis; or, the Quantitative Estima- 

tion of Chemical Substance* by Measure. By Fiiahcik Si rroir, F.C.8., 
P.I.C. Ninth Edition. 121 Engraving*. 20s. net. 

A Manual of Chemistry, Theoretical and Practical. 

By Sir Wxm UM A. Tildkr, D.Sc., F.R.S., Pnife*Kirof ( hcinnary in the 
Roynl'College of Science, London. 2 Plnle* anti 1W Wuodrnt*. 10#. 

Valentin’s Practical Chemistry. By Dr. W. K. 

HonoKifiNOK, F.R.P.K., Professor of Chemistry and Physics in the 
m Ordnance College, Woolwich. Tenth Edition. 11 Plains and *CI Figures 
in the Text. 10«. net. 

A Handbook of Physics and Chemistry. Hv 

Hxrbkrt E. Corbtjc, B.8c.Lond.,and Archibald M. Krtu amt, H.Sc.lsmd. 
Third Edition. 186 llluHtmtionH. 8#. IW. net. 

A Treatise on Physics. Bv Andrew Gray. LL.D., 

K.R.B., Professor of Natural Philosophy in tho ridvcralty of Ulaegow. 
Vol. I. Dynamics and Properties of Matter. .W Illustrations. 16#. 

By 

the 

______ . fid. 

net. 

Quantitative Analysis. By Frank Clowes, D.Sc.Lond., 

and J. Behxahd Colkmar, Akhoc. R. C. Be. Dublin. Professor of 
Chemistry, South-West London Polytechnic, highth Edition. KM 
Engravings. 10s. Qd. net. 

By the same Authors. 

Elementary Practical Chemistry. 

Parti. Fifth Edition. General Chcmirtry. 7* Knsravln*i>. 

Rirtll. Sixth Edition. Analytical Chcmimry. *n Engraving*. K. M. net. 

A Course of Practical Chemistry for the Use of 

Public Schools. By A. Bbrkhford Rti.rv, M.A.Oxon., AvsislanlMaster, 
Malvern College. Illustrated. Interleaved. 4$. 0d. net. 

Introduction to Chemical Analysis. By Hugh C. H. 

Ci.ni. B.A., B.Se., F.I.C.. Lecturer on Chemietiy In the London Hos¬ 
pital Medical College, Analyst to Uie London Hoapital. S». M. net. 

Researches on the Affinities of the Elements and 

on the Caoeea ■ <t the Chemical Similarly OT^m^tytfHaniMiu 
* and Compounds. By Geoffrbt Marti*, B.Bc.Umd. Illustrated. 10s. nut. 


voi. i. uynamicsanu rroperne*<>i .wuniniun-im, 

Qualitative Analysis and Practical Chemistry. I! 

Fboie Clowi., D.8c.Tx>nd., KineritiiH l*rofew*or of Clicinirtry in t 
Univernity College, Nottingham. Eighth Edition. UN Engraving*. <». * 
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